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ΠΕΡΙΛΗΨΗ
Στην διπλωματική αυτή εργασία παρουσιάζονται οι στόχοι και γενικότερα η 
ελληνική ενεργειακή στρατηγική που θα ακολουθηθεί μέχρι και το 2025 , αλλά και 
ταυτόχρονα εξετάζεται η επιλογή πυρηνικής παραγωγής ισχύος.
Αρχικά μελετάται η ιστορία και γενικότερα η χρήση της πυρηνικής ενέργειας ανά 
τον κόσμο, αλλά και πως αυτή αποτελεί μια βέλτιστη επιλογή για την παραγωγή 
ηλεκτρικής ενέργειας κάτι που το διαπιστώνουμε εύκολα με συγκεκριμένα 
παραδείγματα μεγάλων χωρών (όπως η Η.Π.Α. και η Γαλλία), φυσικά λαμβάνοντας 
υπ όψην πάντα και τις ενεργειακές ανάγκες της Ελλάδος που αποτελούν το κύριο 
μέρος αυτής της εργασίας.
Στη συνέχεια η εργασία ασχολείται και μελετά τον τρόπο με τον οποίο μπορεί να 
παραχθεί ηλεκτρισμός μέσω ενός πυρηνικού σταθμού ενέργειας. Επίσης η 
επισήμανση ενδεχόμενου μελλοντικού κινδύνου σχετικά με την ικανότητα του 
συστήματος παραγωγής ηλεκτρικής ενέργειας να ανταποκριθεί επαρκώς στην 
προβλεπόμενη εξέλιξη της ζήτησης ηλεκτρικής ενέργειας την επόμενη δεκαετία είναι 
ένα από τα κύρια στοιχεία που μας οδηγούν στο συμπέρασμα πως πρέπει να
αυξήσουμε τις επιλογές παράγωγής ηλεκτρικής ενέργειας.
Επιπλέον, η εργασία αυτή επιτρέπει τον προσδιορισμό των απαιτήσεων σε νέα 
εγκατεστημένη ισχύ παραγωγής, έτσι ώστε να ικανοποιούνται με ασφάλεια οι 
ανάγκες της ζήτησης κατά τη διάρκεια της υπό εξέτασης περιόδου 2013-2025.
Βεβαίως εξετάζεται ο χάρτης του Α.Δ.Μ.Η.Ε για το πώς θα κατανεμηθεί η ενέργεια 
τα επόμενα χρόνια βάση και του ενδεχόμενου ενεργειακού ελλείμματος. Ουσιαστικά 
παρατηρούμε την κατανομή ηλεκτρικής ισχύος ανάλογα με τις υπάρχουσες η
μελλοντικές μονάδες παραγωγής (υδροηλεκτρικές, θερμικές ,Α.Π.Ε και Σ.Υ.Θ.Η.Α). 
Φυσικά εύκολα διαπιστώνουμε ότι η πυρηνική παραγωγή ισχύος δεν είναι μέσα σε 
αυτές . Για αυτόν ακριβώς το λόγο και σε αυτή την διπλωματική εξετάζεται αυτή η
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επιλογή ως και μία εναλλακτική πρόταση για την κάλυψη των ενεργειακών 
ελλειμμάτων της χώρας.
Εξετάζοντας λοιπόν ενδελεχώς αυτή την επιλογή και συγκεκριμένα την εγκατάσταση 
ενός σταθμού πυρηνικής ενέργειας με δυο αντιδραστήρες τελευταίας τεχνολογίας 
τύπου ABWR η EPR διαπιστώσαμε ότι σίγουρα θα μπορούσαμε να καλύψουμε 
μεγάλο ποσοστό ενέργειας που θα επαρκούσε για την κάλυψη των ενεργειακών 
αναγκών της Ελλάδος καί όχι μόνο . Φυσικά τίποτα από όλα αυτά δεν θα ήταν
εφικτό αν δεν υπήρχε η σύγχρονη τεχνολογία να το υποστηρίξει. Έχοντας πάντα ως 
παράδειγμα και υπόδειγμα συγκεκριμένους σταθμούς πυρηνικής ενέργειας από όλο 
τον κόσμο που πληρούν τις βασικές και αναγκαίες προϋποθέσεις ασφαλείας έτσι 
ώστε να εγκατασταθούν σε μια έντονα σεισμογενή περιοχή όπως είναι αυτή της 
Ελλάδας.
Επομένως διαπιστώνουμε ότι τελικά το ερώτημα δεν είναι αν είναι εφικτό να
εγκατασταθεί εργοστάσιο πυρηνικής παραγωγής ισχύος, καθώς και από 
παλαιότερες μελέτες έχει αποδειχθεί ότι μπορεί να γίνει κάτι τέτοιο ,παρόλο της 
έντονης σεισμικότητας στην Ελλάδα. Το πραγματικό ερώτημα είναι αν η ελληνική 
ακαδημαική κοινότητα ,η εκάστωτε κυβερνήσεις και προπάντων ο ελληνικός λαός 
είναι έτοιμος να αποδεχθεί την πιο αμφιλεγόμενη μορφή παραγωγής ηλεκτρικής 
ενέργειας σε μια εποχή που ακμάζουν οι ανανεώσιμες πηγές ενέργειας . Δυστυχώς 
προς το παρών η κοινή γνώμη στην Ελλάδα είναι ενάντια στην πυρηνική ενέργεια 
καθώς ανησυχεί για την ασφαλή λειτουργία των πυρηνικών εργοστασίων και 
κυρίως για τον ενδεχόμενο κίνδυνο ατυχημάτων ,έστω και αν η πιθανότητα να
συμβούν τέτοια ατυχήματα είναι πολύ μικρή. Στα επόμενα χρόνια ίσως υπάρξει 
καλύτερη ενημέρωση έτσι ώστε να αναπτυχθεί στην Ελλάδα και ο τομέας της
πυρηνικής ενέργειας που αποτελεί μια σοβαρή επιλογή για την επίλυση των
επικείμενων ενεργειακών προβλημάτων που θα αντιμετωπίσει η Ελλάδα.
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Abstract
In this thesis, it is going to be presented the Greek energy strategy and the possibility 
of building a new nuclear power plant in Greece.
Greek energy strategy that will be followed up by 2025 is the main basis of this thesis, 
in order to examine how feasible is the option of nuclear power in our country. 
There are many difficulties but the main problem is that the Greek energy strategy 
until 2025, does not have any plan for nuclear energy and generally nuclear power 
units. It consists of thermal units , hydro units and R.E.S. So we realize that is very 
difficult to develop this type of energy in Greece , however this project suggests as an 
alternative solution the foundation of a nuclear power plant.
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Acronyms and Abbreviations
ABWR Advanced Boiling Water reactor
AGR Advanced Gas cooled Reactor
AP Advanced Passive 1000
BWR Boiling Water Reactor
HEDNO Hellenic Electricity Distribution Network Operator
HTSO Hellenic Transmission System Operator
IAEA International Atomic Energy Agency





PPC Public Power Coorparation
PWR Pressurized Water Reactor
RES Renewable Energy Sources
OECD Organization for Economic Cooperation and Development
WNA World Nuclear Association
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1. Introduction
1.1 Brief review of nuclear energy in the world
According to the Energy Comm ission of the Academ y of Athens, nuclear 
energy is a powerful alternative solution to the increased demand in global 
prim ary energy. In recent years there has seen a significant trend towards 
nuclear energy worldwide. Approxim ately 13,000 years of operation with 
435 power reactors in 31 countries, advances in safety and waste 
m anagem ent and virtually negligible production of greenhouse pollutants 
make nuclear energy an attractive alternative in many national energy 
programs.
According to the IAEA, to date 51 countries have expressed interest in new 
nuclear power. The Low Projection scenario, to address climate risk, 
provides production of 447 GW e of nuclear electric power ,up to 2030 (77 
GW e beyond current levels).The High -Pro jection  scenario provides 691 
GW e in operation until 2030 (321 GW e beyond current levels). The IAEA 
expects that by 2020, eight new countries will have started operation of 
new nuclear power stations in the Low -Pro jection  scenario and by 2030 
expects that tw enty three new countries will be operating new nuclear 
power stations in the High -Pro jection  scenario.
Overall, until the middle of the 21st century, nuclear power is expected to 
provide about one third of global energy, renewable energies and
16
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hydrocarbons to share the rest. We must rem em ber that today 
hydrocarbons produce over 80% of global energy.
1.2 Nuclear power around the world
There are 440 nuclear reactors in commercial operation in 31 countries, 
providing 14 percent of the world's electricity. The U.S.A. has the largest 
nuclear program in the world. Currently in the U.S. there are 65 nuclear 
power plants operating 105 nuclear reactors, also the U.S generates the 
largest amount of electricity from nuclear power in the world, about one- 
third of the world's generation, followed by France with approxim ately half 
of the U.S. output. However, som e other countries are far more dependent 
on nuclear power such as France which relies on nuclear power for about 
80 percent of its electricity needs. There are currently 60 reactors under 
construction in 15 countries. Construction is particularly significant in 
China with 27 reactors under construction. Russia has 10 reactors under 
construction, South Korea has 5and India has 6.
Before the 2011 Fukushima nuclear accident, Japan's plans were to 
increase nuclear power's share of electricity from 30 percent to over 40 
percent before 2020. Following the accident the Japanese governm ent 
announced plans for a new energy policy that aimed to reduce Japan's 
dependency on nuclear energy as much as possible. On Septem ber 2012, an 
advisory Cabinet panel endorsed a policy that would see nuclear energy 
com pletely phased out som etim e in the 2030s. However, the Japanese 
Cabinet has not fully committed to the panel's recom m endation. The future 
of Japan's nuclear energy is still subject to ongoing political debate.
17
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Following the Fukushima accident all of Japan's 50 reactors were shut down 
for safety checks and only two were restarted in July 2012 in order to 
prevent possible power outages.
Figure 1.1 Number of reactors in operation worldwide (Source: IAEA)
1.3 Energy needs of Greece
Nowadays Greece is an energy portal for the Balkans. So, according to the 
Energy Comm ission there is a need for modern diversified and stable 
energy supplies which will contribute positively to the transm ission and 
distribution of energy and enhance the country's role in developm ent, 
future regional and national infrastructure. The energy security of the 
country today indicates that a diversified energy mix by mid-21st century 
should include 1/3 renewable 1/3 oil and 1/3 from nuclear.
18
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In recent years the grow ing needs of Greece electricity covered only 
m arginally .The limit this coverage of Greece's needs is expected to 
continue for som e time and indeed are likely to present energy deficit in 
2020. So, according to the energy com mittee of the Academ y of Athens this 
situation cannot be avoided even after full advantage of all generation 
sources already in use (lignite, oil, gas, renewable energies).
The potential role of nuclear energy in energy needs, options and energy 
strategy of Greece will be the focus of our agenda from now on. So, 
according to prom inent nuclear engineers who have studied the energy 
needs of the country if and when the country decides to install nuclear 
power plant costs about two EPR-type reactors (which produce 3.2GW e 
power and ensure emission savings than 20,000,000 tons CO2 per year) can 
be amortized in less than a decade. The investm ent required to produce the 
scientific infrastructure and the appropriate regulatory and institutional 
fram ew ork is about 50 mil. Euro. Solar energy, wind, geothermal and wave 
energy have significant growth potential in Greece. The new units imported 
coal and natural gas are reasonable choices given the short construction 
tim e and the available experience.
19
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2. Nuclear power
2.1 How nuclear power plants generate electricity
Nuclear power plants generate electricity in much the sam e way that other 
thermal power plants generate electricity. The com bustion of a fuel is used 
to generate heat, the heat is used to create steam, and the steam is used to 
spin turbines, which in turn generate electricity. The difference with 
nuclear power plants is that instead of using the com bustion of a fuel to 
generate heat, they use nuclear fission to generate heat. Nuclear fission in 
sim ple terms is the splitting of large atoms into sm aller atoms; this process 
releases vast amounts of energy.
The only purpose of a nuclear power plant is to produce electricity. To 
produce electricity, a power plant needs a source of heat to boil water 
which becomes steam. The steam then turns a turbine, the turbine turns an 
electrical generator, and the generator produces electricity. In fossil fuel 
plants the source of heat is burning coal, oil, or gas. In a nuclear plant the 
source of heat is a nuclear reactor. Although the basic process is simple, 
making it work is rather complicated.
First, let's look at the process that the nuclear fuel produces heat. The fuel 
for a nuclear reactor is uranium, but not just any uranium. Most uranium 
atoms (99.3%) consist of a nucleus with 146 uncharged neutrons and 92 
positively charged protons; adding the number of neutrons and protons, 
these atoms have a total of 238 neutrons and protons. W e call this number 
the atom ic number, and refer to this nucleus as uranium -238, or just U-238.
20
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However, not all uranium atoms have 146 neutrons; 0.7% have 143, so this 
is called U-235. Even though both U-238 and U-235 are uranium, they have 
different characteristics. The most im portant difference is that U-235 
spontaneously splits, or fissions, producing two sm aller nuclei (called fission 
products) plus two to five neutrons. The fission products and the neutrons 
have energy, which is the source of heat. To have U-235 fission efficiently, 
the uranium fuel in a reactor is enriched; the uranium has gone through a 
process to increase the content of U-235 from 0.7% to 3 to 4%.
On aspect of the fission products that was a major factor in the TMI 
accident, is that the fission products are radioactive. A radioactive nucleus 
changes (decays) to another nucleus by em itting a particle; for fission 
products, this is a beta particle, which is just a high speed electron. In 
addition, when a fission product decays, the nucleus will emit one or more 
gamma rays. Collectively, the beta particle and gamma rays are called 
radiation and this radiation has energy. Because the radiation has energy, it 
is also a source of heat in a nuclear reactor. In fact, radioactive decay of 
fission products produces about 7% of the heat in a nuclear reactor that has 
been operating for several months.
The rate of U-235 spontaneous fission is very slow; too slow to be of any 
use in a nuclear reactor. However, U-235 could fission if a neutron hits it. 
Therefore, if a single U-235 nucleus fissions, the emitted neutrons can 
induce a fission in two or more U-235 nuclei, which each in turn can 
produce two or more, etc. If enough U-235 nuclei are close together, the 
process can increase rapidly, producing a lot of energy in a short time. This 
is the basics behind a nuclear weapon. However, to produce a large
21
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explosion, the uranium needs to be enriched to more than 50 percent U- 
235. Because the fuel in a reactor is only three to four percent U-235, the 
reactor cannot explode like a nuclear bomb.
Ideally, the fission process in a reactor should reach a constant rate so the 
reactor can maintain a constant high tem perature. To maintain the desired 
tem perature, the rate of fission must be constant. However, each fission 
produces several neutrons, so only one of these neutrons should induce 
one fission; nor more, no less. To maintain this constant rate of fission, the 
reactor must have some mechanism to absorb the other neutrons before 
they hit another U-235 nucleus. In a reactor, this absorbing material is in 
the control rods. Fully inserting the control rods into a reactor will cause 
the fission process to come to a complete stop. By varying the level of the 
control rods, the operators can set any desired rate of energy production. 
Thus, the control rods act as a "gas pedal" for the reactor; inserting them 
slows the fission process, and rem oving them allows the fission process to 
increase.
22
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Figure 2.1.,Drawing from Metropolitan Edison Co. "A Report to the Met-Ed Community" May
30, 1979
The reactor vessel contains the core (i.e., the uranium fuel) and water. The 
reactor at TMI is a Pressure W ater Reactor (PWR) which means that the 
water in the reactor vessel is under high pressure (about 2,000 pounds per 
square inch (psi)) and high tem perature (about 600°F). At this tem perature 
and pressure, w ater does not boil, so the reactor is com pletely filled with 
water. Because water is not com pressible, m aintaining a desired pressure is 
difficult if the entire system were solid water. Therefore, a pressurizer is in 
the system that contains a mixture of air and steam. By adding or rem oving 
air, the operators can maintain the desired pressure. The pressurizer has a 
valve that autom atically opens in an em ergency if the pressure gets too
23
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high. This is the valve that malfunctioned during the accident and was the 
cause of the accident.
The heated water in the reactor flows to a steam generator (actually the 
system has two steam generators; the other one is not shown). This is just a 
large tank with pipes flow ing through it. The w ater from the reactor flows 
through these pipes; these pipes are surrounded by water in the tank. The 
water in the tank is at a lower pressure, so when the w ater from the reactor 
flows through the pipes, it heats the tank water close to 600°F, but at this 
lower pressure, this water boils, form ing steam. The steam goes to the 
turbine causing that to rotate which then turns a generator, thus producing 
electricity.
On the exit side of the turbine is a condenser. To get the maximum energy 
out of the steam, the second law of therm odynam ics requires that the 
entering and exiting steam have a maximum tem perature difference. This 
condenser cools the steam (by contact with external piping) and sends it to 
the environment. In som e cases the environm ent is the water of a lake or 
river. At the TMI plant, this waste heat is sent to the atm osphere via cooling 
towers (not shown in the schematic). Therefore, the water vapor from the 
cooling towers is just that, water vapor; it does not contain any 
radioactivity. Note that a PWR contains three separate w ater loops: the 
first is the water in the reactor that moves heat from the reactor to the 
steam generator, the second is the turbine water that moves the heat from 
the steam generator to the turbine, and the third loop is the condenser 
water which moves heat from the turbine to the environment. Nuclear 
plants are about 35 to 40% efficient; i.e., 35 to 40% of the heat generated in
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the reactor ends up as electricity; the rest goes to the environment. Most 
fossil fuel plants are 40 to 45% efficient.
The condensate pump sends the water from the turbine back to the steam 
generator where it is heated again. Ideally, the water in all three loops 
should not contain radioactivity. The uranium fuel is clad in zirconium 
cylinders (called fuel pellets - about the size of the end of a little finger) that 
should not leak. However, som e pellets do leak and fission products escape 
into the reactor water loop. To prevent further leakage via water leaks, the 
plant has a purification system that constantly removes most of the 
radioactivity in the reactor water.
Before we discuss the accident in the next section, note the pumps in the 
different systems. Each played an im portant part in the accident. The 
coolant pump keeps the water circulating in the reactor to keep that cool. 
The feed pump keeps the water circulating in the turbine system, which is 
critical for rem oving heat from the reactor water. The em ergency feed 
pump is a back-up to the feed pump when that pump fails.
2.1.1 Radioactive decay
Nuclear fission can occur either naturally or be induced. W hen it happens 
naturally the process is known as radioactive decay, and it is a common
25
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 06:47:33 EET - 137.108.70.7
process. The elements in which this process occurs naturally are known as 
radioactive isotopes. These radioactive isotopes are atoms that have an 
unstable nucleus because the nucleus has an excess am ount of energy. This 
instability will cause them to spontaneously decay or "split" into two 
sm aller atoms. These newly formed atoms will be of different elements 
from the original radioactive isotope and their nuclei will be more stable. It 
is not possible to predict when a specific radioactive isotope will decay, 
however the average rate at which it will decay is known; this rate is 
referred to as the "half-life". Half-life refers to the amount of tim e for a 
specific quantity of a decaying substance to be reduced by half. Half-lives 
can vary greatly and range from mere seconds to millions of years. One 
exam ple of naturally occurring radioactive decay is that of carbon-14. 
Cabon-14 occurs naturally in the atm osphere, and it is present in living 
things at a very specific proportion. Carbon-14 is used to estimate the age 
of organic remains by m easuring the am ount of carbon-14 rem aining in a 
fossil and com paring it to the am ount that it would have had at the time of 
death. Since the half-life of carbon -14 is known, by knowing how much 
carbon-14 has decayed, an estimate of how much time it would have taken 
for that to happen can be mad.
2.1.2 Thermal reactors
Thermal reactors use slow neutrons to sustain the nuclear chain reaction. 
The speed at which the neutrons are released by the fission reaction is too 
fast to be absorbed by other U-235 atoms. In order to slow down the 
neutrons the fuel is contained within a "m oderator" so that a continuous
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chain reaction can be maintained. The m oderator is usually water, but 
heavy w ater (water whose hydrogen atoms contain both a proton and a 
neutron as opposed to just one proton) and graphite are also used. In 
addition to serving as the m oderator, water in thermal reactors also serves 
as the coolant. W ater inside the reactor is constantly flowing to both cool 
the reactor and capture the thermal energy to produce electricity. Both 
thermal and fast reactors must constantly be cooled, even when shutdown, 
because of the heat generated by the radioactive decay of the fission 
products. Thermal reactors are the ones that are currently being used for 
com mercial operations since the technology to make fast reactors 
econom ically viable is not yet available.
2.1.3 Fast reactors
As opposed to thermal reactors, fast reactors can sustain a nuclear chain 
reaction using the fast neutrons, thus they have no need for a moderator. 
However in order to maintain the nuclear chain reaction using fast neutrons 
a fuel that is richer in fissile materials is needed. Fast reactors can use 
either a fuel that has a higher concentration of U- 235 (20 percent or higher 
as opposed to 3-5 percent for thermal reactors) or plutonium -239 (Pu-239). 
Pu-239 is more suitable for fast reactors because it releases 25 percent 
more neutrons per fission than U-235. Even though there is less neutron 
absorption because of the higher speed of the neutrons, this is 
com pensated by the higher amount of neutrons released and the nuclear 
reaction is able to be maintained. Since fast reactors depend on fast 
neutrons, in order to avoid any type of moderation, a liquid metal (usually
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sodium) is used as the coolant instead of water. A liquid metal is also a 
more efficient medium for transferring heat.
2.2 Nuclear Reactors
2.2.1 The power rating of a nuclear power reactor
Nuclear power plant reactor power outputs are quoted in three ways: 
Thermal MWt, which depends on the design of the actual nuclear reactor 
itself, and relates to the quantity and quality of the steam it produces.
Gross electrical MWe indicates the power produced by the attached steam 
turbine and generator, and also takes into account the ambient 
tem perature for the condenser circuit (cooler means more electric power, 
warm er means less). Rated gross power assumes certain conditions with 
both. Net electrical MWe, which is the power available to be sent out from 
the plant to the grid, after deducting the electrical power needed to run the 
reactor (cooling and feed-w ater pumps, etc.) and the rest of the plant.Net 
electrical MWe and gross MWe vary slightly from sum mer to winter, so 
norm ally the lower sum m er figure, or an average figure, is used. If the 
sum m er figure is quoted plants may show a capacity factor greater than 
100% in cooler times. W atts Bar PWR in Tennessee is reported to run at 
about 1125 MWe in sum m er and about 1165 MWe net in winter, due to 
different condenser cooling water tem peratures. Som e design options, such 
as powering the main large feed-w ater pumps with electric motors (as in 
EPR) rather than steam turbines (taking steam before it gets to the main 
turbine-generator), explains some gross to net differences between
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different reactor types. The EPR has a relatively large drop from gross to net 
MWe for this reason.
Figure 2 .2 Nuclear power plant ( Source : World Nuclear Association )
2.3 Technologies currently being used in the U.S.
Currently in the U.S. there are only 2 types of commercial reactors in 
operation, the pressurized w ater reactor (PWR) and the boiling water
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reactor (BWR). These two types of reactors fall into the broader category of 
light w ater reactors (LWRs). LWRs use conventional water as both a 
m oderator and a coolant.
The pressurized water reactor: The pressurized water reactor has two 
separate coolant loops that never mix (). The prim ary coolant loop contains 
pressurized water that runs through the reactor core and carries the heat 
to the steam generator. Inside the steam generator heat is exchanged 
between the two separate loops; steam is created and carried through the 
second coolant loop to the main turbine generator, generating electricity.
The exhaust is taken to a condenser where it condenses back to water and 
is pumped back into the steam generator. The primary coolant returns to 
the reactor to com plete the cycle.
30
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 06:47:33 EET - 137.108.70.7
Containment structure
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Figure 2. 3 Pressurized water reactor (Source: World Nuclear Association)
The boiling water reactor:
The boiling w ater reactor uses only a single coolant loop (). Inside the 
reactor core heat is generated, coolant is pumped into the bottom of the 
reactor, and it absorbs heat as it moves upward through the reactor core. A 
steam w ater mixture is created, and it leaves the top of the core where it 
enters a two stage m oisture separation process where water droplets are 
removed, and steam is allowed to enter the steam line. The steam line then 
directs the steam to the turbines where electricity is generated. The 
exhaust steam is directed to a condenser where it is condensed back into 
water, and it is pumped through the system again. BWRs are typically larger 
than PWRs and can hold between 370 to 800 fuel assem blies, compared to 
150 to 200 in PWRs.
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Figure 2 .4 Boling water reactor (Source: University of Wyoming GeoWeb)
2.4 Technologies currently being used around the world
In addition to PWRs and BWRs there are other nuclear power technologies 
in com mercial operation elsewhere including: the CANDU reactor, the
advanced gas cooled reactor, and the RBMK (Reaktor Bolshoy M oshchnosty 
Kanalny) reactor. The pressurized heavy water reactor (PHW R) or "CANDU" 
reactor (short for Canada deuterium uranium):
This technology was developed in Canada, and there are 44 units in 
operation. The CANDU Reactor operates much like a PWR, but instead of 
using conventional "light" water as a m oderator, it uses heavy water 
(known as deuterium oxide) as a moderator. Deuterium is a form of 
hydrogen where the nucleus contains both a proton and a neutron as 
opposed to the more common form which only has a single proton. The
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m oderator is used to slow down neutrons so that a sustained nuclear chain 
reaction can occur; with conventional "light" water many of the neutrons 
are lost as they are absorbed by the hydrogen atoms in the water 
molecules. Since heavy w ater already contains an extra neutron in the 
hydrogen nuclei, lower neutron absorption occurs, allowing more free 
neutrons to create fission reactions. With fewer neutrons being lost to 
absorption, CANDU reactors can use natural uranium as fuel (which 
contains 0.07 percent U-235), instead of enriched uranium (which contains 
2 percent to 4 percent U-235) that is used by PWRs and BWRs. This 
translates into cost savings because the uranium enrichm ent process can 
be very expensive. CANDU reactors can also use other low fissile content 
fuel, such as spent fuel from light w ater reactors.
The advanced gas cooled reactor (AGR):
Developed in the United Kingdom, there are currently 14 AGR units 
operating there, and all are expected to end operations by the end of 2023 . 
AGRs use graphite as a m oderator and carbon dioxide as the coolant. The 
carbon dioxide circulates through the reactor core and then past steam 
generator tubes outside of the reactor but inside the concrete pressure 
vessel (). The steam is then directed to a turbine generator .
The light water graphite-m oderated reactor or reactor Bolshoy 
M oshchnosty Kanalny(RBM K):
Developed in the Soviet Union, this design is a type of pressurized water 
reactor that uses water as the coolant and graphite as the moderator. Each 
fuel assem bly is located in its own pressure tube or channel, and each 
channel is individually cooled by25water. It was an RBMK reactor that was
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involved in the Chernobyl accident; however major modifications were 
made to the reactors to address the safety issues. Currently here are 11 
RBM K reactors in operation in Russia.
Figure 2 .5 Advanced gas cooled reactor (Source: World Nuclear Association)
2.4.1 New technologies
The advanced boiling water reactor (ABWR):
The ABW R is offered by GE Hitachi Nuclear Energy and Toshiba. The ABW R 
is a Generation NI+ evolutionary reactor based on the BWR. It offers 
improved electronics, computer, turbine, and fuel technology 
.Enhancem ents include the use of internal recirculation pumps, 
m icroprocessor based digital control and logic systems, and digital safety
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systems. Safety enhancements include protection against over pressurizing 
the containm ent vessel, passive core flooding capability, three em ergency 
diesel generators, and a combustion turbine as an alternative em ergency power 
source.Vendor figures for the power output are between 1,350 and 1,460 
MW with a capacity factor greater than 90 percent .
There are currently 4 ABW R reactors in operation in Japan and several 
others under construction in Japan and Taiwan. They are the first 
Generation III+ reactors to be built with the first one completed in 1996. 
There have been reliability issues with the operating ABW Rs related to 
technical problems that have caused repeated shutdowns. As a result, 
operating and capacity factors have been rather low .The ABW R was issued 
a design certification by the NRC, m eaning that the N RC has approved the 








KASHIWAZAKI KARIWA-6 Nov, 1996 72.1 72.8
KASHIWAZAKI KARIWA-7 Jul, 1997 68.5 68.2
SHIKA-2 Mar, 2006 44.9 44.0
HAMAOKA-5 Jan, 2005 43.6 44.6
Table 2. 1 Japan's ABWRs' operating and capacity factors
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3. The power system of Greece
Prior to the establishm ent of the Public Power Corporation (PPC) in 1950, 
system atic production and electricity consum ption was only in large cities, 
mainly in the capital area. PPC with its founding law (1468/1950) took the 
exclusive privilege of the generation and transm ission of electricity, while 
the distribution remained the then existing municipal, com m unity or 
private farms. In 1956 by Decree (3525) got the exclusive right of 
distribution throughout the country. The law (2244/94) to regulate issues 
of power from renewable energy sources and conventional fuels, allows 
under certain conditions to produce electricity from plants belonging to 
natural or legal persons.
The February 19, 1999 marked the beginning of the opening of the 
electricity markets of M ember States and creating a single market in the 
European Union. In our country, due to the peculiar characteristics of the 
electrical system (including in Ireland and Belgium) was an extension of the 
period of market liberalization, so the im plem entation of this project 
started on February 19th 2001. The reasons which led to the creation of a 
single electricity market energy were:
• Increased efficiency for the use and allocation of financial resources 
by entering the competition in the electricity market.
• Supporting the com petitiveness of European industry in the 
globalized environm ent through competitive energy prices.
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The com petitiveness of the market, contributing positively to two 
other pillars of the energy policy, which is the environm ent and 
security of supply.
The H EDN O  S.A  is currently the largest producer of the only electricity 
distribution com pany in Greece, which provides electricity to 7.1 million 
custom ers Low Voltage and 8500 custom ers Middle and High Voltage 
approx. It also owns 49% of HTSO It produces 96% of the electricity 
produced in Greece, generated by lignite, oil and hydroelectric plants, gas 
plants, as well as wind and solar parks. Sim ultaneously it holds two large 
lignite mines of the country in Ptolemaida and M egalopolis, which produce 
about 64% of the required electricity (2nd largest producer of electricity 
from lignite in the European Union).
The HEDNO S.A (Transm ission Greek Electricity Distribution Network) was 
established by the secession of the Distribution sector PPC according to 
Law no. 4001/2011 and in com pliance with Directive 2009/72 / EC of the 
European Union, on the organization of the electricity markets, in order to 
undertake the tasks of the Greek Distribution Network Operator. It is a 
100% subsidiary of PPC, but is functionally and adm inistratively 
independent, observing all the independence requirem ents incorporated 
in the above legal framework.
The Board of Directors of PPC SA, at its m eeting on October 12, 2010, 
approved that all the activities of Electricity Distribution, ie, the network 
m anagem ent and the provision of network services throughout the
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country, and the activities of the Non-Interconnected Islands, currently 
performed by PPC SA reach a 100% subsidiary of PPC SA.
The task of the com pany is the operation, maintenance and developm ent 
of the electricity distribution network in Greece and to ensure transparent 
and non-discrim inatory access for consumers and in general all network 
users. The ten-year Development Plan (DBP) of the National System 
Operator (ESMIE) intends to shape integrated program System horizon of 
developm ent projects in the period 2014-2023, that operation of the 
System to meet the requirem ents set out in Law. 4001 / 2011 and P.S.E.
3.1 Production system
The power system consists of interconnected mainland production system 
with the existing to connecting islands and independent production 
system s in Crete, Rhodes and other sm aller islands. It consists of thermal 
and hydroelectric power stations as well as a small percentage of units 
using renewable energy sources.
The interconnected mainland production system consists mainly of lignite 
power stations, which are the basis of the system. In addition, there are 
gas stations, petroleum and hydropower plants and som e wind farms 
mainly in the Evia and Thrace.
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The total installed capacity in ESMIE is 17,4 GW. In Tab. 3.1 below 
sum m arizes the existing potential for electricity by technology. In the 
follow ing sections are given detailed inform ation on the current situation 




Thermal Units 10.238,5 58,8
Hydro Plants 3.017,7 17,3
R.E.S. 4.169,81 23,9
TOTAL 17.426,01 100,0
Table 3. 1 Current state of the power system by technology (Source D.P.A)
3.1.1 Thermal units
The m ajority of the power system (58.8% of the total power installed) 
com prises therm al, including lignite, petroleum plants and natural gas 
plants, as shown in Tab. 4.2. These units cover the bulk of demand for 
electricity (78.6% in 2012) .The main lignite power stations are located in 
Ptolemaida, in northern Greece and M egalopolis in the Peloponnese. The 
oil stations and gas plants are m ostly located close to the capital region,
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which concentrate about 30% of total system consumption. The fleet of 
heat cells may be characterized generally as outdated since most units 
have completed over tw enty years of operation, even though the last 
decade were added to the system of about 3700 MW of new gas units. 
However the last five years were in commercial operation five new units 
com bined total net power cycle 2032.
New  Inclusions
In light of the deregulated electricity market, the evolution of power 
system is an im portant element of uncertainty, as the integration of new 
units no longer centrally planned with a view to future adequacy of the 
system but from independent producers to test the viability of their 
investm ents. The exact tim etable already resolute investm ent also involves 
considerable uncertainty due to unforeseen difficulties which may arise, 
either during the licensing procedure, either during the construction stage. 
For the purposes of this study there are taken into account the following 
new units which are in advanced stages of manufacture:
• The new combined cycle plant of PPC S.A Aliveri, power 417 MW 
already lying under a test operation.
• The new combined cycle of plants of PPC SA M egalopolis, power 811 
MW respectively, which are under construction.
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The new generation of lignite power stations PPC power 620 MW, in 
Ptolemaida.
3.1.2 Withdrawals Units
In the context of existing legislation and the Special Conditions of Permits 
Production of new units, PPC shall w ithdraw  or put under a contingency 
reserve equal am ount of obsolete power plants needs. For this purpose 
PPC has proposed an extensive program of withdrawals. In Tab. below 
describes the units of PPC SA deemed to be withdrawn during the 
considered tim e horizon of this study.
Table 3 .2 Units PPC withdrawn 2020 (Source DPA 2013-2014)
Unit Fuel Net Power 
(MW)
Ag.Georgios 8 NG 151
Ag.Georgios 9 NG 188
Aliveri 3 fuel oil 144
Aliveri 4 fuel oil 144
Layrio 1 fuel oil 123
Layrio 2 fuel oil 287
Layrio 3 NG 173
Liptol Lignite 38
Ptolemaida 2 Lignite 117
Ptolemaida 3 Lignite 116
Ptolemaida 4 Lignite 274
TOTAL 1755
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3.1.3 Hydro Units
Hydropower plants (Tab3.3) are found mainly in western and northern 
Greece. W hile the installed capacity of hydropower units in the Greek 
production system is significant (~ 17%), their contribution to the energy 
balance is relatively small. The limited availability of water results in 
hydroelectric unit is used prim arily to cover peaks. In Tab. 4.5 shows 
production of H /  H units in the last decade, from showing that their use rate 
ranges from 10-20%, depending on the hydraulic conditions of each year. 







P.P.C Agras Agras I.JI 2x25 2x25
P.P.C Asomata Asomata I,II 2x54 2x54
P.P.C Edesaios Edesaios 19 19
P.P.C Thisayros Thisayros I-III 3x128 3x128
P.P.C Kastraki Kastraki I-IV 4x80 4x80
P.P.C Kremasta Kremasta I-IV 4x109.3 4x109.3
P.P.C Ladonas Ladonas I. ,II 2x35 2x35
P.P.C HeadWaters Aoou HeadWaters Aoou I, II 2x105 2x105
P.P.C Plastiras Plastiras I-III 3x43.3 3x43.3
P.P.C Platanovrisi Platanovrisi I. II 2x58 2x58
P.P.C Polifito Polifito I-III 3x125 3x125
P.P.C Pournari I Pournari I ,I-III 3x100 3x100
P.P.C Pournari II Pournari II III 2x16 2x16
Pournari II 1.6 1.6
P.P.C Stratos Stratos I. II 2x75 2x75
P.P.C Sfikia Sfikia I-Ill 3x105 3x105
TOTAL HYDROELECTRIC POWER STATIONS 3017.7 3017.
Table 3. 3 Hydro existing units in western and northern Greece (Source D.P.A)
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Table 3 .4 Water reserves in the period 2007-2012 (Source : Study of power competence for
2013-2020)
New Inclusions
By March 2013 they had received a production license from the M inistry of 
Developm ent or the m inistry 7 new large hydroelectric power stations total 
about 780 MW. Of these, 4 stations total capacity of 335M W  have requested
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and been Connection Offer. During the tim efram e of this study (2013-2020) 
are expected to join the power system the follow ing stations:
• The hydropower station of PPC SA "HES Ilarion" in Aliakm onas, power 
of 153 MW, which has been built.
• The hydropower station of PPC SA "HPP M esochora" Acheloos, power
160 , which is also constructed and is expected to operate in the next
years.
• The hydropower station of PPC SA "HPP M etsovitikos" power 29 MW, 
received Connection Offer.
• The hydropower station of TERNA ENERGY SA "HPP Aulaki" Acheloos, 
power 60 MW, received Connection Offer.
• The hydropower station of PPC SA "HPP Sykia" power 126,5 MW.
• The hydropower station of PPC SA "HPP pine" power 160 MW.
3.1.4 R.E.S.
There have already been granted particularly large number Production Licence 
for RES projects on ta28,5 GW  across the country. These permits are mainly 
for wind farm s (A / P) and photovoltaic plants (P / B) and, to a lesser extent, 
small hydropower (SHP), biomass and biogas combustion units (SVIO). Also, 
there are included the cogeneration plants and high-efficiency heat (CHP)
By the end of May 2013, in HTSO operated a total installed capacity of RES 
plants 4170 MW, of which 1495 MW related A / P and 2322M W  P / B 
(including P / B of the Special Programme Gazette B 1079/2009) .At the same
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time, the ITSO (form erly HTSO) has granted through Binding Association 
Offers additional 600 stations with a total installed RES power 5665 MW 
(excluding plants excluded from the obligation to obtain a Production Licence 
before the Law. 3851/2010). Of these, 2161 relating to A / P power of about 
4165M W , while there is a com m itm ent to connect more then 600 MW, for 
which there will be constructed transm ission projects in Thrace and Evia. 
Overall it appears that the ITSO has already reserved for connecting A / P total 
capacity of around 4800 MW, beyond those already operating.
The Tab3.5 sum m arizes statistics for R.E.S. stations which have received 
Association Offers and them that work. Moreover, it has issued a non-binding 
offer for the connection with a solar thermal power plant 2 MW.
R/S P/V SHP SVIO CHP TOTAL
YEAR MW GWh MW GWh MW GWh MW GWh MW GWh MW GWh
2008 791 1661 11 5 158 325 39 177 63 35 1062 2203
2009 917 1908 46 45 183 657 41 182 141 144 1327 2937
2010 1039 2062 153 132 197 754 41 194 125 115 1555 3256
2011 1363 2596 439 442 205 581 45 199 89 142 2141 3959
2012 1466 3161 1126 1510 213 669 45 197 90 149 2940 5686
Table 3.5 Production of Electricity from Power Stations of Article 9 of Law. 3468/06 (RES and
CHP) in the Interconnected System.
Future developm ents R.E.S.
The prediction of the evolution of the installed capacity of R.E.S. presents 
sim ilar or even greater difficulties than those of load forecasting. The 
evolution of the installed capacity of renewable energy depends on both the
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progress of the licensing process of projects, and the investm ent initiatives 
and possibilities of investors. Table below describes the two scenarios 
Penetration of R.E.S. are considered for the purpose of this Study.
Table 3. 6 Scenarios Penetration R.E.S. (Source Study of power competence for 2013-2020)
Mild per etration Increased
2013 2016 2020 2016 2020
(MW)
Wind 1500 1920 2800 1960 3000
Photovoltaic^ 2270 3120 4000 3220 4500
Small Hydro 218 226 2 50 236 300
Biomacc / Riooac 45. 136 200 146 2 50
CHP 9 0 119 119 173 390
TOTAL 4118 5521 7369 5735 8440
3.2 The transfer system 
Current situation
The Transfer System (hereinafter "the System") to which the VANS (Ten-Year 
Transm ission System Development Plan 2015-2024), consists of the 
Interconnected System of the continental part of the country and with it 
interconnected islands at high levels (150kV and 66kV) and ultra -high voltage 
(400kV) 6. The network of underground (Y / C) cable HV radially serves the 
needs of the Capital region is the responsibility of the DSO, which is 
responsible for planning its developm ent. However, the Network 
adm inistrator argued that the capital region has a significant impact on the 
developm ent and operation of Network HV , the substations HV / MV and
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Distribution Centers (K / D) of the capital region, the cable connections to the 
system and their future development.
The problem of large geographical im balance between production (North) and 
loads (South), which was particularly im portant in the past, especially during 
the sum m er months, practically no longer exists because of the hitherto aid 
System, integration of new plants in the Southern System , to the massive 
integration com pensation capacitors, reduction of loads and increasing the 
dispersed production, particularly of P / B. The regions of Attica and the 
Peloponnese are critical areas of the system now only in special circum stances 
of prolonged heatwave.
In the follow ing paragraphs is an overview  of the main com ponents of the 
existing system by category (Substations HV / MV substation, transm ission 
lines). A sim plified line diagram is shown in the appended map.
Substations 150 kV / MV
Until December 2013 was logged in the System:
205 S/S relegation 150kV/M V PPC, of which 186 serve the needs of 
Distribution Network customers. The S / S  shall include parts whose 
m anagem ent is the responsibility of ITSO. In the above are included 21 S / S, 
which are also connected and T / hoisting (16 conventional stations and 5 
stations ANA) and 14 S / S are connected to the side of 150 kV substation. 14 
serving the needs of Distribution Network in Attica and are entirely the 
responsibility of the DSO. 4 are used for powering mining loads Orycheion.
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The needs of mining serves the S/S Ptolemais I, which includes the 186 serving 
and distribution needs. A Y / C (Pum ping Polyfytos) serves pum ping needs for 
HPP Polyfytos. The 48 S / S for the reception of RES power plants, of which S / 
S Karystos, meadows, Silver, Skala and Pylos serve parallel and Distribution 
charges (included in the above 205 S / S substation Y / S hoisting MV / 150kV 
in Power Plants of PPC SA.
• 7 Thermal power stations.
• 16 Hydro Plants (includes S / S of YIS Ilariona, which has been electrified 
but the corresponding HPP is not in com mercial operation).
• 3 Small Hydro Plants (including the aforem entioned 48 S / S RES).
• 3 S / S lifting in conventional (thermal and large hydropower) Power 
Stations of Independent Producers. The production units of these plants 
are connected to 150 kV via T / lifting MT / 150kV.
• 38 S/S relegation 150kV / MV serving facilities Custom er HV, of which 
S/S Alum inium  and MOTOR OIL serve alongside and link stations (the 
form er was included in the above 3 S/S conventional lifting stations 
production, and the latter included in the 48 S / S RES).
3.2.1 Centers Extra High Voltage (EHV)
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The substation are connection points Systems 400kV and 150kV and serve 
bleed power needs to the System 150 kV. This substation 14 com prising one 
or more auto-transform ers (AM / S) three windings 400kV/150kV/30kV. 
Furthermore, there are 11 substations (not included in the above 14) installed 
near the homonymous stations and serve exclusively parallel or step-up needs 
from production units to 400kV System.
3.2.2 Transmission Lines (GM)
In the system there are GM high (66 and 150 kV) and extra (400kV) voltage of 
different styles and types, total length as the table below shows. Moreover, 
there are located 200 km 150 kV underground cables for power transfer in the 
densely populated areas of the capital, which belong to the Network 150 kV.
Table 3 .7 Overall Lengths GM System (December 2012)
v o l t a g e  l e v e l  (kV) t y p e  t .l . t o t a l  l e n g t h  (km )
66 A e r ia l 3 9
U nderw ater 15
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150




A e r ia l 2628
4
A e r ia l 107
U nderw ater 60
3.2.3 New substations (S / S) HV / MV
This VANS mentioned projections build new S / S HV / MV, which can be 
classified as follows:
• The Network Adm inistrator has designed the previous years the installation 
of 20 new S / S relegation 150kV / MV.
• To com plete the project of electrification of drive trains of OSE between 
Athens and Thessaloniki rem aining construction and connection system for 3 S 
/ S 150 kV / MT (Anthili, Kallipefki / Orchard and Rapsani). The construction of 
the S / S Rapsani is completed. Pending the im plem entation of GM Rapsani - 
System. Also, it is provided and another S / S in Velestino for electrification of 
the railway line Larissa - Volos.
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• Also effective is the interface offer which has been granted for the 
construction of the S / S 150 kV / MT Perama Evros, which will serve loads of 
facilities of "Gold Mining Thrace".
• Also, to accom m odate the power of plants using RES, the developm ent 
provided new S / S 150kV / MT in various parts of the country. The new S / S 
150kV / MV that will be required for the connection of RES plants that have 
received a binding Connection Offer from TSO or ITSO, described in paragraph
2.2.4 (p. 19) and are presented in Table A1 in Annex I hereof.
It is noted that the integration of all these S / S can be identified in time, and 
its im plem entation depends on the involved users.
3.2.4 Interconnections
European transport system s historically, from the postwar period onwards, 
operated interconnecting, allowing the exchange of electricity between 
neighboring countries with the aim of im proving the security system 
operation and mutual assistance in emergencies. W ith the opening of the 
European electricity markets, it has become possible to use these connections 
for com mercial use by suppliers who can address most to consumers in other 
European countries. The demand for access to networks increased
5 1
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 06:47:33 EET - 137.108.70.7
proportionately with prices and investm ent opportunities that are form ed in 
each market. The size of the throughput energy is obviously not unlimited, but 
limited by the carrying capacity of interconnectors between countries.
The physical carrying capacity (thermal limits) of transm ission lines is 
determined solely by the technical characteristics of the plant, but also the 
period of the year (restricted during the sum mer months due to heating and 
expansion of pipelines). But given the com plexity of the interconnected 
operation of system s and physical flows of electricity are determined by the 
laws of physics commercial capacity available from the M anagers is less than 
the physical capacity of the lines as the actual power flows on the lines 
affected by the production and consum ption of energy in each node of the 
system.
The developm ent and strengthening of interconnections between countries is 
one of the main priorities of transport managem ent system s in Europe, 
according to the priorities set by the EU to gradually increase cross-border 
capacity between the countries of ENTSO-E, in view of the im plem entation of 
the new harmonized market model in Europe (target model) that took place in 
2014.
Increasing cross-border transm ission capacity is required for the following 
reasons:
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• The completion of the electricity market will lead to an increase in 
trading volume, which sets as a prerequisite to increase cross-border 
(cross-border) power handling capacity, both for imports and for 
electricity exports.
• The long anticipated penetration of RES in Europe will lead to the need 
of handling significant amounts of electricity over long distances.
• The imm inent replacem ent of large-scale energy produced by 
conventional plants with RES will result in the need for significant 
transport capacity between the systems for adjusting reasons.
International Interconnections of H.T.S.O.
Since October 2004 the Greek system has relaunched contem porary and 
parallel to the interconnected European system under the overall 
coordination of ENTSO-E (European Network of Transm ission System 
Operators for Electricity), which is relative to the System operation and 
developm ent from June 2009 successor and wider shape of the UCTE (Union 
pour la Coordination du Transport de l'Electricite). The parallel operation of 
the Greek system with the European achieved through interconnectors GM, 
mainly 400 kV, with system s in Albania, Bulgaria and Macedonia (FYROM). 
Moreover, the Greek system  is connected asynchronously (via subm arine DC 
link) with Italy. From Septem ber 18, 2010, the Greek system has been 
connected with the system of Turkey, which is further connected to the 
Bulgarian system. Turkey's system is henceforth a trial parallel operation with 
the European. The tests are conducted under the auspices of ENTSO-E.
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The topology of existing and developing interfaces shown in the Figure, which 
are represented by different colors existing, are under construction, planned 
and studied interfaces.
inteconnections





Figure 3. 1 Schematic Diagram of Interconnected Systems Balkan (Source D.P.A 2013 -2024)
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3.3 History and forecast demand power and electricity for the 
system
Historical Data
Figure shows the evolution of Total Net Demand System for Electricity 
(removed the pum ping load) from 2000 onwards. Note that the Total Net 
Demand includes that which directly served at distribution level dispersed 
production. In the period 2000 - 2008 there has been continuous increase in 
overall net demand. The last four years, follow ing the econom ic crisis, 
continuing decline is observed.
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The average annual growth rate of total net demand in the decade 2000-2010 
was 2.17%, representing a significant decrease compared to previous decades. 
During the period 2000-2007 the average annual growth rate of total net 
electricity demand itan3.39%. In 2008, beginning of the econom ic crisis, the 
total net demand (without the pum ping load) System am ounted to 56.3 TWh, 
which is the historical maximum, an increase of 1.11% compared to 2007. The 
2009 charaktiristike by significant reductions in overall net demand in the 
System at 5.01% com pared to 2008, due to the rem arkable reduction of 
industrial load by 20.19% compared to 2008, while consum ption at 
distribution level also appeared reduced by 3.63% .The 2010 total net 
electricity demand remained H.T.S.O alm ost unchanged compared with 2009, 
while in 2011 the total net demand showed further reduction of 1.18% 
compared with 2010. In 2012 the total net electricity demand H.T.S.O 
remained alm ost unchanged compared to 2011. In contrast, the first ten 
months of 2013 total net electricity demand was 42028 GWh, showing a 
decrease of 11.2% compared to the corresponding period of 2008 and by 4.5% 
against the corresponding period of 2012. It should be noted that in recent 
years, the developm ent of dispersed generation, in particular because of 
photovoltaic directly connected to LV and MV, results in reduced local loads of 
S / S Distribution and reduce demand recorded in the limits of the 
Transm ission System to the Distribution Network.
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3.3.1 Energy Demand Forecasts
The main factors that influence the form ation of electricity demand in the 
country in the medium to long term are:
1. The country's econom ic growth (GDP basic dial indicator)
2. Changes in consum ption patterns (air conditioning, use of electricity in 
transport, using computers, etc.) due to im proving living standards, but also to 
im proving the living conditions of specific population groups (e.g. econom ic 
migrants).
3. The overall situation in the energy sector and market electricity (level of 
electricity prices, competition with Gas etc.).
4. Specific conditions (e.g. projects of the Com m unity Support Framework.) 
environm ental constraints, etc.
5. Various political specialization measures such as energy saving
Provisions of the ITSO for the developm ent of energy demand in ESMIE over 
the next decade (2014-2024) are based on available historical demand data 
and tem perature and in published forecasts developed by other competent 
bodies (medium-term developm ent of GDP, long term forecast demand etc.), 
taking into account any available projections suppliers.
For the purposes of forecasting the evolution of total electricity demand as 
contained herein VANS, it has been used in commercial package Forecast Pro
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XE6 of Tim berlake Consultants com pany the ITSO. The demand forecast was 
done using a dynam ic regression model (dynamic regression model) which 
correlates the influence of various parameters on the evolution of historical 
data, form ulating m athem atically their dependence, which protrude in the 
future, taking into account the estimates of these parameters. In particular, 
the historical monthly demand was that they be separated into two 
com ponents, one that depends on the econom ic developm ent of the country 
(GDP) and the second affected mainly by w eather conditions and 
characterized by the monthly seasonality. Each com ponent protruding 
separately and the results of the two estimates synthesized to generate the 
predictions of m onthly values of total electricity demand.
The table shows the GDP developm ent scenarios have been considered for 
the purpose of load forecasting. The High Growth Scenario is based on the 
recently published European Commission forecasts up to 2015 , while for the 
period 2016 to 2018echoun considered the relevant published data from the 
International M onetary Fund . For the years from 2019 up to 2024, in the 
absence of other data, the projected GDP growth is assumed to remain 
constant for the purpose of forecasting. Based on this predicted GDP 
evolution stood other two scenarios, more moderate growth in econom ic 
activity in the country, which are shown in Table.
Table 3 .9 G.D.P. development scenario
2013 2014 2015 2016 2017 2018 2019-2024
Scenario (%)
Low Growth -42 0.0 1.5 1.9 1.8 1.7 1.7
Average Grow th -4.2 0.4 2.3 2.7 2.6 2.6 2.6
High Growth -4.2 0.6 2.9 3.7 3.5 3.3 3.3
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Provisions of I.T.S.O. on the annual total net electricity demand (including 
demand served locally by dispersed generation RES) in the Interconnected 
System for the period 2014-2024 are sum m arized in Tab. 15 while graphically 
illustrated in Figure 20. It should be noted that from 2017 to the provisions of 
Tab. 15 included the demand for the Cyclades Interconnection, while 2021 
included the demand of Crete.
Table 3. 10 I.T.S.O. scenarios for the evolution of the total net energy demand in ESMIE (2013­
2024)
Scenario Low Demand Reference High demand
Year (GWh)
2013 50300 50300 50300
2014 49660 49760 49800
2015 50000 50250 50430
2016 50420 50870 51270
2017 51240 51900 52560
2018 51640 52520 53360
2019 52030 53170 54200
2020 52460 53830 55100
2021 56120 57800 59340
2022 56600 58550 60310
202 57050 59320 61330
2024 57540 60100 62370
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Figure 3. 3 I.T.S.O. Forecasts for the evolution of the overall net demand during the period 2014 -
2024
From the results of Figure 3.3 It appears that the total net electricity demand 
is expected to recover to 2008 levels in the period after 2020 (Reference 
Scenario). In addition, the updated forecast growth in demand of ITSO is quite 
lower than that for the previous years 2013-2023. It is also worth noting that 
the projected evolution of total net electricity demand scenario REFERENCE of 
ITSO (without taking into account the additional demand of islands that are to 
be combined) since 2015 corresponds to an average annual growth rate of 
1.25%, the which is quite lower than the decade 2000 - 2010 (2.17%). The 
corresponding average growth rate on scenario HIGH DEMAND is 1.64%, while 
for scenario LOW DEM AND is 0.8%.
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In Figure below compares the main recently published forecasts by other 
institutions (M inistry of Environm ent - National Action Plan for RES, NREAP 
and m inistry - National Energy Planning, Road Map for 2050) with the energy 
demand evolution scenarios of ITSO for the period 2013 -2023. Forecasts by 
other entities related to the whole country and have been appropriately 
am ended to refer only to ESMIE.
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ΙΥΠΕΚΑ - Roadmapfor2050 
■NREAP- Reference 
IN R E A P -Additional Energy Efficiency
I .P IO  I Low demand 
|  I.P.T.O Reference
I.P.T.O I High demand
Table 3 .11 Recent forecasts Energy Demand Evolution in ESMIE
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3.4 Forecasts Annual peak load
The forecast of the peak has generally much greater uncertainty than forecast 
energy demand. This is because the power demand, especially during the 
sum m er months, so it appears that the maximum annual peak depends very 
strongly on the w eather and especially the tem perature, and secondly on the 
length of periods of high tem peratures. This dependence appears to be 
increasing continuously. Furthermore, the increased penetration of RES 
increases the uncertainty of the forecast.
In the current situation, a forecast of annual peak becomes even more 
difficult, since it is not possible to assess the impact of the recession on 
consum er behavior in the hours of the sum m er peaks, especially in conditions 
of prolonged heat.
On this basis, the annual three peaks evolution scenarios of the ESMIE: 
"REFERENCE", "HIGH" and "LOW ", are shown in Tab. Note that the values 
include the transm ission losses and the load expected to be served locally by 
dispersed generation RES. The prices in the table refer to i.e noon peak 
sum m er w ithout having removed the power produced from dispersed 
production from P / B.
Since the sum m er of 2013, what is most im portant for the System design to 
meet energy needs at the traffic hour of peak load is the evening peak, which 
is not affected by the production of P / B. From historical evidence it is shown
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that except in 2013 when the evening peak occurred in January, the evening 
peak demand occurs during the sum m er heat wave in days, but well below 
the southern tip demand. Possibly the shift of consum ers to use electricity for 
heating has led to perm anent display of Evening peak year during the winter 
season. The Tab 3.12 below provides projections of evening sum mer peaks as 
they arise given the correlation evening sum mer peaks with the corresponding 
annual daily.
Table 3 .12 Annual peak load Forecasting System
Scenario Mild Reference Extreme
Year (MW)
2014 9370 9360 9400
2015 9435 9480 9515
2016 9510 9600 9680
2017 9670 9800 9920
2018 9740 9910 10070
2019 9820 10030 10230
2020 9900 10160 10400
2021 10600 10900 11200
2022 10680 11050 11380
2023 10760 11200 11570
2024 10860 11340 11770
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Table 3 .13 Prediction evening summer peak load in the System
Scenario Mild Reference Extreme
Year (MW)
2014 8530 8545 8555
2015 8590 8630 8660
2016 8650 8740 8810
2017 8800 8920 9030
2018 8860 9020 9160
2019 8940 9130 9300
2020 9000 9250 9470
2021 9650 9920 10200
2022 9720 10060 10360
2023 9800 10200 10530
2024 9900 10320 10710
65
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 06:47:33 EET - 137.108.70.7
4. The nuclear option
In the beginning, as it was mentioned in the previous chapter we are going to 
exam ine deeply the power demand and peak load forecasts in order to 
ascertain w hether the nuclear option would be an im portant addition to the 
existing power system or not. Furthermore before we start the exam ination, 
another basic portion that is going to be analyzed is the nuclear power 
econom ics as well as the m anagem ent and isolation of nuclear wastes. 
How ever, it is im portant to roll back in history and study the use of nuclear 
energy in Greece.
4.1 Use of Nuclear Energy in Greece
The Public Power Corporation started to explore the possibility of including 
nuclear energy in the mix of generation sources, even before the change of 
regime .Orosima that time PPC were the establishm ent of the Office of 
Nuclear (1971) to include nuclear power in the ten-year developm ent plan 
(end of decade 1970 with estimated time of integration include the 1990) and 
the conversion of the Office of Nuclear Division in the newly established 
Departm ent of Alternative energy Sources (1980).
In view of this program m ing year 1980 the PPC He instructed the Ebasko 
Services Incorporated to draft the first phase of a study to identify the basis of 
various selection criteria that will see then five candidate sites suitable for the 
power plant facility using nuclear energy .For reasons preventing further
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overburdening of north transm ission system to the south, the search space 
limited by the PPC in central and southern regions of Greece and the close 
islands.Let's look according to the information we have collected some 
im portant parts of the study of Ebasko.
First of all according to Ebasko in order to assure com pliance of the 
Canditates Sites general nuclear licensing criteria ,each site was reviewed 
considering the follow ing :
1) Site param eters affecting long-term heat removal from the core
2) Accident Evaluation -A ircra ft crashes and chemical explosions
3) Radiological dose considerations
4) Site regional dem ography and land use
5) Missile protection
6) Flood potential and flood protection requirements
7) Geotechnical consideration
In considering a multiple unit station ,two ultimate heat sink complexes can 
be utilized meet the redundancy requirem ent .Both ultimate sinks should 
serve both and provide sufficient cooling water to permit sim ultaneous safe 
shutdown and cool down. Specifically, both ultimate heat sinks should be 
cross -connected to both units. M ake-up water transfer lines to onsite 
reservoirs should also be considered an shown a lot of drawings.
As long as the history of nuclear energy in Greece is concerned, there are 
som e im portant facts from the Embasko study that help us begin our 
approach.
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At start we realize that the power demand forecasts will increase in the next 
decade. By the year 2024, the reference demand is anticipated to reach 60100 
GWh while at 2013 the corresponding value was 50.300 GWh.
One more difficult forecast is the one of peak load, for m any reasons that we 
have already seen before. It is of major importance, to anticipate that midday 
sum m er peak load to reach the value of 11340 MW and evening sum m er peak 
load will reach 10320 MW, while in 2014 it was 9390 MW and 8545 MW 
respectively.
So we realize that we are going to have major increases in the values of power 
and peak load demand according to the studies of HTSO. Based on these 
facts, many scientists believe that by the year of 2024 there is going to be 
huge deficit in the production of electrical energy, since according to IPTO by 
the year of 2023 the energy demand will reach 71TW h, while in 2015 it will be 
60 TWh. The problem is based on the opinion that it will be a huge deficit in 
supply of electrical energy due to current installed power as well as in the 
provided m andatory w ithdrawals of lignite units and oil power plants.
This electrical energy must be produced from a new power supply plant. In 
these facilities, fuels such as natural gas, diesel or fuel oil, carbon, R.E.S., 
uranium in nuclear fission reactors, can be used. In case of uranium we need 
to construct a nuclear power plant. The developm ent of proper infrastructure 
and construction in accordance with the study of Embasko for the first plant 
would require 12 to 15 years and conclusively its incorporation to the relative
plan till 2024 is not possible. The deficit that will probably come of, can be
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covered with a plant of 1000 MW net power in parallel to two reactors such as 
EPR or ABW R. Specifically as long as the size of the system is concerned 
scientist believe that since the nuclear reactors that are used nowadays have 
big net power (1000 MW to 1600 MW), every unit cannot have a power more 
than 15% of the system 's power w ithout creating matters of reliability. So for 
the Greek system (17.900 MW) a unit of 1600 MW ( 9% of Greek net power) 
does not break the rule. In addition it's good to be marked the subject of 
human resource since nuclear technology is a complicated and demanding 
one. For this reason the human resource that is going to handle it, must be 
trained in a high level and continuously.
It is generally ascertained that one way of covering the deficit of energy 
dem anding as well as the peak load one is the nuclear option. Specifically as it 
was mentioned before this can be achieved by one nuclear plant with two 
types of reactors like EPR or ABW R with net power of 1000 to 1600 MW. It is 
anticipated that Greece will need to produce 60100 GWh annually till 2024, an 
am ount of energy that can cover the whole country. A nice topic of discussion 
would be to examine the case of production of 100000 GWh annually, in 
accordance always to the production of nuclear power. A good way to 
exam ine this specific case is to carefully inspect nuclear plants around the 
world, that consists of these types of nuclear reactors (EPR,ABW R).
Indicatively, the first plant that we could consider is the nuclear power plant 
of Civaux 1-2 is located in the com mune of Civaux (Vienne) at the edge 
of Vienne River between Confolens(55 km upstream) and Chauvigny (16 km 
downstream), and 34 km south-east of Poitiers. It includes two units that each
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one consists of a reactor type PW R(EPR) with the net power of 3,122 MW (2 x 
1561 MW), that generate annually 21458 GWh.
Another bigger power station that we can consider is the one of 
the Kashiwazaki-Kariwa Nuclear Power Plant which is a large, modern (housing 
the world's first ABW R) nuclear power plant on a 4.2-square-kilom eter (1,038 
acres) site including land in the towns of Kashiwazaki and Kariwa in Niigata 
Prefecture, Japan on the coast of the Sea of Japan, from where it gets cooling 
water. The plant is owned and operated by Tokyo Electric Power 
Com pany (TEPCO). It was the largest nuclear generating station in the world 
by net electrical power rating. It includes seven units with a total net power of 
7,965 MW and capacity factor at 48 %.The annual generation can come up to 
33.117 GWh.
Obviously it is about a really enormous nuclear energy factory that in Greece 
even if one day such a program exist, its construction and maintenance seems 
quite difficult. Nevertheless, the point is that the first one produces 21458 
GWh while the second one 33.117 GWh. Consequently, in addition to both of 
these we can generate 54575 GWh annually and so overcom e the value of 
100000 GWh annually. Substantially, we increase the existing net power that 
currently is 17.900 MW to alm ost 29MW. It is a major increase that aims to 
the energy generation, so that Greece can provide energy to other close 
countries especially middle east ones.
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4.2 The economics of nuclear power
There are several im portant determ inants of the cost of electricity generated 
by a nuclear power plant. The econom ics of nuclear power involves 
consideration of several aspects:
The first one is capital costs, which include the cost of site preparation, 
construction, m anufacture, com m issioning and financing a nuclear power 
plant. Building a large-scale nuclear reactor takes thousands of workers, huge 
amounts of steel and concrete, thousands of com ponents, and several 
system s to provide electricity, cooling, ventilation, information, control and 
com munication. To com pare different power generation technologies the 
capital costs must be expressed in terms of the generating capacity of the 
plant (for exam ple as euro per kilowatt). Capital costs may be calculated with 
the financing costs included or excluded. If financing costs are included then 
the capital costs change in proportion to the length of time it takes to build 
and com mission the plant and with the interest rate or mode of financing 
employed. It is norm ally termed the 'investm ent cost'. If the financing costs 
are excluded from the calculation the capital costs is called the 'overnight 
cost', because it imagines that the plant appeared fully built overnight.
The second one is plant operating costs, which include the costs of fuel, 
operation and maintenance (O&M), and a provision for funding the costs of 
decom m issioning the plant and treating and disposing of used fuel and 
wastes. Operating costs may be divided into 'fixed costs' that are incurred
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w hether or not the plant is generating electricity and 'variable costs', which 
vary in relation to the output. Normally these costs are expressed relative to a 
unit of electricity (for example, cents per kilowatt-hour) to allow a consistent 
com parison with other energy technologies. To calculate the operating cost of 
a plant over its whole life (including the costs of decom m issioning and used 
fuel and waste m anagem ent), we must estimate the 'le v e lle d ' cost at present 
value. It represents the price that the electricity must fetch if the project is to 
break even (after taking account of the opportunity cost of capital through the 
application of a discount rate).
The third one is external costs to society from the operation, which in the case 
of a nuclear power is usually assumed to be zero, but could include the costs 
of dealing with a serious accident that are beyond the insurance limit and in 
practice need to be picked up by the government. The regulations that control 
nuclear power typically require the plant operator to make a provision for 
disposing of any waste, thus these costs are 'internalised' (and are not 
external). Electricity generation from fossil fuels is not regulated in the same 
way, and therefore the operators of such thermal power plants do not yet 
internalise the costs of greenhouse gas emission or of other gases and 
particulates released into the atmosphere. Including these external costs in 
the calculation gives nuclear power a significant advantage over fossil fuelled 
electricity generation.
Capital costs
Construction costs com prise several things: the bare plant cost (usually 
identified as engineering-procurem ent-construction -  EPC -  cost), the owner's 
costs (land, cooling infrastructure, adm inistration and associated buildings,
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site works, switchyards, project m anagement, licences , etc.), cost escalation 
and inflation. Owner's costs may include some transm ission infrastructure. 
Recent studies have shown an increase in the capital cost of building both 
conventional and nuclear power plants.
There is also significant variation of capital costs by country, particularly 
between the em erging industrial econom ies of East Asia and the mature 
markets of Europe and North Am erica, which has a variety of explanations, 
including differential labour costs, more experience in the recent building of 
reactors, econom ies of scale from building multiple units and stream lined 
licensing and project managem ent within large civil engineering projects.
The French national audit body, the Cour des comptes, said in 2012 that the 
overnight capital costs of building NPPs increased over time from € 1,070/kW e 
(at 2010 prices) when the first of the 50 PWRs was built at Fessenheim 
(com missioned in 1978) to € 2,060/kW e when Chooz 1 and 2 were built in 
2000, and to a projected € 3,700/kW e for the FlamanviNe EPR. It can be 
argued that much of this escalation relates to the sm aller magnitude of the 
program me by 2000 (com pared with when the French were com m issioning 4 ­
6 new PWRs per year in the 1980s) and to the subsequent loss of economies 
of scale.
The IEA-NEA Nuclear Energy Roadmap 2015 estimates China's average 
overnight costs of approxim ately USD 3,500/kW  are more than a third less 
than that in the EU of USD 5,500/kW . Costs in the US are about 10% lower 
than the EU, but still 30% higher than in China and India, and 25% above South 
Korea. In its main scenario, 2050 assum ptions for overnight costs of nuclear in
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the United States and European Union are estimated to decline somewhat, 
reaching levels closer to those in the Republic of Korea, while costs in Asia are 
assumed to remain flat.
4.2.1 Operating costs
Fuel costs have from the outset given nuclear energy an advantage compared 
with coal, oil and gas-fired plants. Uranium, however, has to be processed, 
enriched and fabricated into fuel elements, and about half of the cost is due 
to enrichm ent and fabrication. In the assessm ent of the economics of nuclear 
power allowances must also be made for the managem ent of radioactive used 
fuel and the ultimate disposal of this used fuel or the wastes separated from 
it. But even with these included, the total fuel costs of a nuclear power plant 
in the OECD are typically about a third of those for a coal-fired plant and 
between a quarter and a fifth of those for a gas com bined-cycle plant. The US 
Nuclear Energy Institute suggests that for a coal-fired plant 78% of the cost is 
the fuel, for a gas-fired plant the figure is 89%, and for nuclear the uranium is 
about 14%, or double that to include all front end costs.
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Uranium: 8.9 kg U308 x $130 US$ 1160
Conversion: 7.5 kg U x $11 US$ S3
Enrichment: 7.3 SWU x $120 US$ 880
Fuel fabrication: per kg US$ 240
Total, approx: US$ 2360
At 45,000 MWd/t burn-up this gives 360,000 kWh electrical per kg, hence fuel cost: 0.66 c/kWh
Figure 4.1 1 In July 2015, the approx. US $ cost to get 1 kg of uranium as UO2 reactor fuel (at 
current long-term uranium price):
Fuel costs are one area of steadily increasing efficiency and cost reduction. For 
instance, in Spain the nuclear electricity cost was reduced by 29% over 1995­
2001. This involved boosting enrichm ent levels and burn-up to achieve 40% 
fuel cost reduction. Prospectively, a further 8% increase in burn-up will give 
another 5% reduction in fuel cost.
Uranium  has the advantage of being a highly concentrated source of energy 
which is easily and cheaply transportable. The quantities needed are very 
much less than for coal or oil. One kilogram of natural uranium will yield about 
20,000 tim es as much energy as the same am ount of coal. It is therefore 
intrinsically a very portable and tradable com m odity.The contribution of fuel 
to the overall cost of the electricity produced is relatively small, so even a 
large fuel price escalation will have relatively little effect (see 
below). Uranium is abundant and w idely available.
Operating costs include operating and maintenance (O&M) plus fuel. Fuel cost 
figures include used fuel managem ent and final waste disposal. These costs,
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while usually external for other technologies, are internal for nuclear power 
(i.e. they have to be paid or set aside securely by the utility generating the 
power, and the cost passed on to the custom er in the actual tariff).
This 'back end' of the fuel cycle, including used fuel storage or disposal in a 
waste repository, contributes up to 10% of the overall costs per kWh -  rather 
less if there is direct disposal of used fuel rather than reprocessing. The $26 
billion US used fuel program is funded by a 0.1 cent/kW h levy.
Decom m issioning costs are about 9-15% of the initial capital cost of a nuclear 
power plant. But when discounted, they contribute only a few percent to the 
investm ent cost and even less to the generation cost. In the USA they account 
for 0.1-0.2 cent/kW h, which is no more than 5% of the cost of the electricity 
produced.
4.2.2 External costs
External costs are not included in the building and operation of any power 
plant, and are not paid by the electricity consumer, but by the com m unity 
generally. The external costs are defined as those actually incurred in relation 
to health and the environm ent, and which are quantifiable but not built into 
the cost of the electricity.
With nuclear energy the risk of accidents is factored in along with high 
estimates of radiological impacts from mine tailings (waste managem ent and 
decom m issioning being already within the cost to the consumer). Nuclear 
energy averages 0.4 euro cents/kW h, much the same as hydro, coal is over 4.0
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cents (4.1-7.3), gas ranges 1.3-2.3 cents and only wind shows up better than 
nuclear, at 0.1-0.2 cents/kW h average. NB these are the external costs only.
A further study com m issioned by the European Comm ission in 2014 and 
carried out by the Ecofys consultancy calculated external costs for nuclear as 
€18-22/M W h, including about €5/M W h for health impacts, €4/M W h for 
accidents and €12/M W h for so-called 'resource depletion', relating to the 
"costs to society of consum ption of finite fuel resources now, rather than in 
the future."
4.2.3 Energy taxes, and subsidies for nuclear power
Corresponding to subsidies in the other direction are taxes on particular 
energy sources, justified by climate change or related policies, and with low 
production costs providing opportunity. For instance Sweden taxes nuclear 
power at about EUR 0.67 cents/kW h, which makes up about one third of the 
operating costs for nuclear plants. Belgium is introducing a tax of 0.5 
cents/kW h on nuclear. The UK has a Climate Change Levy which is a tax on 
energy used by business. The rate was 0.43 p/kWh but from 2006 has been 
indexed. Electricity from designated renewable sources is exempt from the 
levy, nuclear power is subject to it.
Germ any in 2010 legislated for a tax of €145 per gram of uranium or 
plutonium fuel for six years, yielding €2.3 billion per year (about 1.6 c/kW h), a 
levy on nuclear generators of €300 million per year in 2011 and 2012, and 
€200 million 2013-16, to subsidise renewables, and a tax of €0.9 c/k for the 
sam e purpose after 2016.
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Finland was planning to introduce a tax on nuclear fuel to raise about €170 
million per year from 2013, and countering the windfall profits from nuclear 
generators selling CO2 emission allowances. The M inistry of Employment and 
Economy in 2011 said that these so-called 'w indfall' profits would be taxed at 
43% to 45%  of the market price of CO2 emission rights, depending on the 
model adopted, and at least €0.2 cents/kW h. In the "minimum tax model", at 
€15 per tonne CO2 the tax would generate at least €67 million per year, and at 
€30 per tonne, the tax would be € 0.67 cents per kWh, generating some €223 
million. In the "flexible tax model", the uranium tax would be €0.17 cents per 
kWh, plus 30% of the windfall profit. An emission allowance price of €15 per 
tonne of CO2 would generate som e €57 million, and a price of €30 per tonne 
would generate €207 million. Under this model, if the emissions trading price 
fell to less than €9.3 per tonne of CO2, there would be a 'negative' tax which 
could be credited against subsequent years of 'positive' uranium taxes. The 
proposal has drawn criticism, as it counteracts a key goal of the EU's carbon 
market - to reward low-carbon production compared with high -CO2sources.
There is also occasionally a tax on excess wind production at times of low 
demand in Denmark and northern Germany. Nordpool requires generators to 
pay up to EUR 20 c/kWh for users to take excess electricity when demand is 
low, and in Germ any the price has hit 50 c/kW h (at 5am on an October day in 
2008). A sim ilar situation arises locally in western Texas.
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The USA is the only country which has offered any subsidy to nuclear power: a 
production tax credit of 1.9 c/kW h from the first 6000 MWe of new- 
generation nuclear plants in their first 8 years of operation (same as for wind 
power on unlimited basis). (In 2007 the USA subsidised renewables by $724 
million and recorded $199 billion subsidy for nuclear power. The latter was 
entirely due to a change in tax rules related to decom m issioning, under the 
2005 Energy Policy Act.)
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4.3 Radioactive Waste Management
All parts of the nuclear fuel cycle produce som e radioactive waste and the 
relatively modest cost of m anaging and disposing of this is part of the 
electricity cost.
The main objective in m anaging and disposing of radioactive (or other) waste 
is to protect people and the environment. This means isolating or diluting the 
waste so that the rate or concentration of any radion uclides returned to the 
biosphere is harmless. All toxic wastes need to be dealt with safely, not just 
radioactive wastes. In countries with nuclear power, radioactive wastes 
com prise less than 1% of total industrial toxic wastes (the balance of which 
remains hazardous indefinitely).The volume of nuclear waste produced by the 
nuclear industry is very small compared with other wastes generated. Each 
year, nuclear power generation facilities worldw ide produce about 200,000 
m3 of low- and interm ediate-level radioactive waste, and about 10,000 m3 of 
high-level w aste including used fuel designated as waste. A typical 1000 MWe 
light water reactor will generate (directly and indirectly) 200-350 m3 low- and 
interm ediate-level waste per year. It will also discharge about 20 m 3 (27 
tonnes) of used fuel per year, which corresponds to a 75 m3 disposal volume 
follow ing encapsulation if it is treated as waste. W here that used fuel is 
reprocessed, only 3 m3 of vitrified waste (glass) is produced, which is 
equivalent to a 28 m3 disposal volume follow ing placem ent in a disposal 
canister.
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In term s of radioactivity, high-level waste (HLW) is the major issue arising 
from the use of nuclear reactors to generate electricity. Highly radioactive 
fission products and also transuranic elements are produced from uranium 
and plutonium during reactor operations and are contained within the used 
fuel. W here countries have adopted a closed cycle and utilised reprocessing to 
recycle material from used fuel, the fission products and minor actinides are 
separated from uranium and plutonium and treated as HLW (uranium and 
plutonium is then re-used as fuel in reactors). In countries where used fuel is 
not reprocessed, the used fuel itself is considered a waste and therefore 
classified as HLW. Low- and intermediate-level waste is produced as a result of 
operations, such as the cleaning of reactor cooling system s and fuel storage 
ponds, the decontam ination of equipment, filters and metal com ponents that 
have become radioactive as a result of their use in or near the reactor.
Recycling used fuel
Any used fuel will still contain some of the original U-235 as well as various 
plutonium isotopes which have been form ed inside the reactor core, and the 
U-238. In total these account for some 96% of the original uranium and over 
half of the original energy content (ignoring U-238). Reprocessing, undertaken 
in Europe and Russia, separates this uranium and plutonium from the wastes 
so that they can be recycled for re-use in a nuclear reactor.
Major commercial reprocessing plants operate in France, UK, and Russia with 
a capacity of some 5000 tonnes per year and cum ulative civilian experience of
80,000 tonnes over 50 years. France and UK also undertake reprocessing for
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utilities in other countries, notably Japan, which has made over 140 shipm ents 
of used fuel to Europe since 1979. Until now most Japanese used fuel has 
been reprocessed in Europe, with the vitrified waste and the recovered 
uranium and plutonium (as M O X fuel) being returned to Japan to be used in 
fresh fuel. Russia also reprocesses some spent fuel from Soviet-designed 
reactors in other countries.
Storage and disposal of used fuel
There are about 270,000 tonnes of used fuel in storage, much of it at reactor 
sites. About 90% of this is in storage ponds ,the balance in dry storage. Much 
of the world's used fuel is stored thus, and some of it has been there for 
decades. Annual arisings of used fuel are about 12,000 tonnes, and 3,000 
tonnes of this goes for reprocessing. Final disposal is not urgent in any 
logistical sense.
Storage ponds at reactors, and those at centralized facilities such as CLAB in 
Sweden, are 7-12 metres deep, to allow several metres of water over the used 
fuel com prising racked fuel assem blies typically about 4m long and standing 
on end. Ponds at reactors are often designed to hold all the used fuel for the 
life of the reactor.
HLW from reprocessing must be solidified. France has two commercial plants 
to vitrify HLW left over from reprocessing oxide fuel, and there are also 
significant plants in the UK and Belgium. The capacity of these western 
European plants is 2,500 canisters (1000 t) a year, and some have been 
operating for three decades. By mid-2009, the UK Sellafield vitrification plant
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had produced it 5000th canister of vitrified HLW, representing 3000 m 3 of 
liquor reduced to 750 m3 of glass. The plant fills about 400 canisters per year.
W astes from decom m issioning nuclear plants
In the case of nuclear reactors, about 99% of the radioactivity is associated 
with the fuel. Apart from any surface contam ination of plant, the rem aining 
radioactivity comes from 'activation products' such as steel components which 
have long been exposed to neutron irradiation.Som e scrap material from 
decom m issioning may be recycled, but for uses outside the industry very low 
clearance levels are applied, so most is buried. Generally, short-lived 
interm ediate-level wastes (mainly from decom m issioning reactors) are buried, 
while long-lived interm ediate-level wastes (from fuel reprocessing) will be 
disposed of deep underground. Low-level wastes are disposed of in shallow 
burial sites.
Costs of radioactive waste managem ent
Financial provisions are made for m anaging all kinds of civilian radioactive 
waste. The cost of m anaging and disposing of nuclear power plant wastes 
represents about 5% of the total cost of the electricity generated.
Most nuclear utilities are required by governm ents to put aside a levy (e.g. 0.1 
cents per kilowatt hour in the USA, 0.14 C/kWh in France) to provide for 
m anagem ent and disposal of their wastes. So far some US$ 28 billion has been 
committed to the US waste fund by electricity consumers.
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The actual arrangem ents for paying for waste m anagem ent and 
decom m issioning also vary. The key objective is however always the same: to 
ensure that sufficient funds are available when they are needed. There are 
three main approaches.
Provisions on the balance sheet
Sum s to cover the anticipated costs of waste managem ent and 
decom m issioning are included on the generating company's balance sheet as 
a liability. As waste managem ent and decom m issioning work proceeds, the 
com pany has to ensure that it has sufficient investm ents and cash flow  to 
meet the required paym ents.
Internal fund
Payments are made over the life of the nuclear facility into a special fund that 
is held and adm inistered within the company. The rules for the managem ent 
of the fund vary, but many countries allow the fund to be re-invested in the 
assets of the company, subject to adequate securities and investm ent returns.
External fund
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Payments are made into a fund that is held outside the com pany, often within 
governm ent or adm inistered by a group of independent trustees. Again, rules 
for the managem ent of the fund vary. Some countries only allow the fund to 
be used for waste managem ent and decom m issioning purposes, others allow 
com panies to borrow a percentage of the fund to reinvest in their business.
4.4 Example of nuclear power plant in Greece
Previously we referred mainly to the technical points which are related to the 
construction and operation of one or two nuclear power stations in Greece. 
However, after studying various data from the finances of the nuclear reactors 
over the world, we are able to make a clear approach for the total and the 
individual costs which are necessary for the construction, financing, operation 
and the degradation of a new power station.
The cost of construction of a nuclear plant is dependent on its com plexity as 
well as its duration. These two factors cause a high degree of uncertainty for 
the definition of the cost of the construction of a nuclear plant especially in 
Greece. Due to the seism icity of the Greek area, it is very likely that specific 
sections of the plants to be particularly reinforced and as a consequence the 
cost of construction to be greater than the international average. Initially 
Greece could construct a nuclear plant with two reactors of 3 generation of 
EPR type. ABW R could operate it for a duration of around 60 years. Previous 
studies have shown that the total cost which would be necessary is 
approxim ately between 8 and 15 billion Euros. These 15 billion Euros is the 
most expensive version taking into account the reinforcem ent of sections due 
to the seism icity. The initial expenses for the construction of a nuclear power
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station is close to 5.7 billion Euros and are related with the cost of 
construction of two reactors of EPR type, with the cost of 3700 Euros/kW h as 
well as the cost of purchasing fuel for the next 60 years. The cost of 
purchasing fuel certainly of a nuclear reactor for Greece is dependent both on 
the price of uranium  internationally as well as with the international legal 
fram ew ork which characterises the production of nuclear fuel. The expenses 
of financing are approxim ately 5.4 billion Euros and have as a condition 
loaning with an interest of 4.5% and the repayment in 40 years. Additionally, 
the expenses of operation are also significant and are estimated around 2.6 
billion Euros.
An investm ent of such size is expected to ensure power levels around 25000 
GWh annually without em issions and a low cost for 60 years from 0.04 Euros 
per kWh with cost of production around 0.015 Euros per KWh. In summary, 
the overall benefits are firstly the total production of power of 1.500.000 GWh 
which corresponds to the total power which was used in Greece in the last 60 
years. Also production of electrical power with a cost of 0.015 Euros/kW h as 
well as price of electrical power to 0.04-0.05 Euros.
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5. Licensing, Safety and Security
5.1 Licensing
General overview
This chapter covers the relationship between licensing and commercial issues 
of new nuclear power plant projects. Recomm endations are drawn from the 
survey responses given by individual W NA members as well as the analysis 
carried out by the Task Force members. It is anticipated that the Task Force 
will continue its analysis on some of the topics in this report.
As governm ents develop and im plem ent or update nuclear regulatory 
programs in response to new nuclear projects, their prim ary focus is 
appropriately on safety and security requirements. Developers of new nuclear 
projects must meet these requirem ents whilst making im portant commercial 
decisions. There is great variety in the regulatory structures and the general 
project environm ent in countries with new nuclear projects, and commercial 
considerations need to be tailored to those differences. Two main factors 
have been identified. The first is the project fram ew ork and the regulatory 
and business model adopted in the country w here licensing takes place. The 
second factor is whether the reactor is the first-of-a-kind (FOAK) to be built 
anywhere or the first-in-a-country (FIAC), or neither.
There is a logical progression of necessary commercial decisions that correlate 
to project im plem entation. Evaluating commercial considerations of a project
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against the im pact of licensing processes can be accom plished by analyzing 
the sequence of commercial decisions as steps designed to adapt to 
progressively reduced regulatory risk and to advance project goals. Licensing 
processes in their turn can be evaluated according to their ability to support 
the commercial decisions and to afford certainty and predictability to 
developers.
The first milestone is the decision to develop a new nuclear project within a 
specific legal and regulatory fram ework. A  political decision may have been 
taken, or there may be an incentive provided by the governm ent, to start a 
particular project. Next, the project owner will have to select a site and 
choose a design. Depending on the particular circum stances, one or both of 
these may be pre-defined so a selection process might not take place like the 
study of Embasko. Following site selection and choice of technology, the 
contractual arrangem ents must be negotiated. These are closely linked to 
financing issues and there can be som e rem arkable differences.
In all stages of the licensing and im plem entation process, stakeholder 
involvem ent is essential, particularly the participation of the public. There 
needs to be a strong fram ew ork for this, ensuring that participation is 
meaningful but at the same tim e that issues resolved in an early phase of the 
regulatory process are not re-opened later on.
Looking at the licensing process for a particular nuclear power plant, in seven 
of the ten countries there are at least two licensing steps (e.g. construction 
licence and operating licence), and som etim es up to four (e.g. a siting licence 
or a com m issioning licence in addition). One country (UK) has a one-step
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licensing process and two other countries (US and South Africa) offer both 
options.
There can also be pre-licensing steps, where the regulatory authority gives 
generic approval for a design or a site, independently of a particular nuclear 
power plant project. These steps might be referred to as certifications, 
acceptance confirm ations or other terms. The im portant aspect is that in a 
subsequent licensing process for a particular nuclear power plant, such 
approvals can be referenced so that the assessm ent and evaluation does not 
have to be done again
5.1.1 Pre-licensing
Generally, pre-licensing of designs or sites is seen by the nuclear industry as 
an effective means of enhancing predictability. Pre-licensing allows for an 
im portant part of licensing to be resolved by the time the licensing process for 
a particular nuclear power plant starts. A confirmation statem ent by the 
com petent authority can give potential project developers confidence that 
they can im plem ent the project. The most clear-cut and well-known example 
of generic pre-licensing of designs and site is the US NRC design certification 
and early site permit. Both documents have a certain legal and binding effect 
which stays valid for a certain number of years.
Concerning the approval of a site, the distinction between pre-licensing and 
licensing may be less apparent because norm ally the owner/operator is
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applicant in both processes. However, the difference is that in pre-licensing 
the site is assessed against an envelope of criteria and not against the 
parameters of a specific design.
Another aspect is the tim e needed for preparation of a licence application and 
for the licensing procedure. The preparation of application required at least 12 
to 24 months. For the construction licence process required 12 to 40 months 
and finally for the operating licence process required 6 to 36 months.
5.1.2 Site selection
Site selection decisions must be made particularly early in a free-m arket 
system w here the developer (as distinct from the governm ent) chooses the 
site, because much of the necessary site-specific information requires years to 
develop (for example, information on site-specific hydrology, seismology, 
meteorology). For this reason, some countries, such as the US, have created 
an early site permit process to enable a developer to bank a site for potential 
future use. This enables a critical regulatory decision to be made in advance of 
a significant FID. In som e countries, such as the UK, site selection is an initial 
governm ental decision reached in advance of a commercial project.
As soon as the technology/vendor is chosen, contracts need to be signed. 
Over the last few  years, a system of contractual steps has become more 
preferred to single contracts. Particularly in a market driven environment, 
contracting now consists of a step-by-step process in which the partners enter
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into com m itm ents at each step, as risk gradually reduces in line with the 
progress of the licensing procedure.
In most projects, the contractual situation evolves to some extent as the 
project unfolds. Initial contractual arrangements need to be in place for the 
licence application, as this is not possible w ithout the support of the vendor. 
Generally, the approach in these cases seems to be to com mit to contractual 
obligations stepwise, as the risks connected to each step become understood 
and controlled.
As the aspect of pricing methodologies is som ewhat com m ercially sensitive. 
Generally, any uncertainty in the licensing process will have to be dealt with in 
the pricing arrangements. There would have to be arrangements about who 
bears the additional cost.
Throughout the course of the project, the design undergoes som e specific 
steps: basic design, detailed design and procurem ent specifications. The 
im portant issues here are first the tim ing of the design developm ent steps and 
second their relationship to licensing phases and to contractual arrangements. 
Another aspect is that the design needs to be developed at the time the 
construction licence or COL is issued. W hile there is a consensus that some 
m aturity of design is beneficial or even necessary for licensing and that a 
certain degree of com pletion of the detailed design should be reached at the 
tim e of first concrete, the percentages of design com pletion actually 
suggested vary considerably.
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According to the survey respondents of w.n.a, here are presented the 
duration of design developm ent steps. Concerning the basic design, the 
duration estimated up to 2 years depending on design (which could be 
preceded by a pre-project design phase. Also there is a 1-year period after 
design approval where the basic design is updated with site specific and 
owner's requirements. Concerning the detailed design, a qualitative analysis 
gives the majority of responses ranging from around 2 to 3 years. Concerning 
com ponent specifications, the problem seems to be that these tend to overlap 
with the detailed design phase. It is possible to finalize the long lead item 
equipment specifications as soon as the key structural integrity questions 
have been resolved with the regulator.
5.1.3 Role of government
By taking a formal and binding decision at an early stage in the project, a 
governm ent can give com fort to investors that the necessary licences will be 
issued (provided of course no technical reasons emerge that would result in 
refusal of the licences). Again, the aspect of giving certainty to investors is 
more relevant for projects in a m arket-driven commercial environm ent. An 
early strong statem ent by the governm ent has nothing to do with the 
independence of regulators . An early decision in principle by political bodies 
does not relieve the regulator of its task and duty to decide whether the 
planned reactor com plies with safety regulations. There seems to be a range 
of governm ental program mes and decisions which is not form ally binding but 
which can be used as a basis for nuclear power projects.
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Role of law courts
The potential of appeal of a regulatory decision is a known risk to the project 
and a reason to ensure sound regulatory decisions, clarity as to the scope of 
each decision, and a regulatory process that allows for involvem ent of 
external participants in a practical manner throughout the review preceding 
the decision. This may extend the regulatory process leading up to a decision, 
but will minimize the risk of delay after the decision.
M anaging Documentation
Experience shows it is essential to make sure that design and m anufacturing 
docum entation is efficiently produced, com municated and reviewed (before 
and after manufacturing) by the relevant parties: applicant, contractor, 
subcontractors and regulator. Here are presented the range of aspects and 
solutions to be considered.
Strong architect engineer
Efficient docum ent managem ent system
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* Sufficient resources for all parties involved to ensure tim ely review of 
documents
* Procurem ent plan
* Support by qualified suppliers and vendors
* Quality assurance system
* Correctly translating regulatory requirements and owner's requirements 
into documents
* All parties should agree early on in the schedule to a com prehensive list of 
requirem ents.
* Challenges to be managed proactively by vendors and by owners' groups
* Using lessons learned from previous projects
* Adequate attribution of responsibility to all parties for consequences of 
w rong decisions
Regular meetings between relevant parties
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5.2 Safety of Nuclear Power Reactors
In relation to nuclear power, safety is closely linked with security, and in the 
nuclear field also with Safeguards. Safety focuses on unintended conditions or 
events leading to radiological releases from authorised activities. It relates 
mainly to intrinsic problems or hazards. Security focuses on the intentional 
misuse of nuclear or other radioactive materials by non-state elements to 
cause harm. It relates mainly to external threats to materials or facilities. 
Safeguards focus on restraining activities by states that could lead to 
acquisition of nuclear weapons. It concerns mainly materials and equipment in 
relation to rogue governments.
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The decades-long test and analysis program showed that less radioactivity 
escapes from molten fuel than initially assumed, and that most of this 
radioactive material is not readily mobilized beyond the im m ediate 
internal structure. Thus, even if the containm ent structure that surrounds 
all modern nuclear plants were ruptured, as it has been with at least one 
of the Fukushim a reactors, it is still very effective in preventing escape of 
most radioactivity. It is the laws of physics and the properties of materials 
that mitigate disaster, as much as the required actions by safety 
equipment or personnel. In fact, licensing approval for new plants now 
requires that the effects of any core-m elt accident must be confined to the 
plant itself, w ithout the need to evacuate nearby residents. The three 
significant accidents in the 50-year history of civil nuclear power 
generation are:
• Three Mile Island (USA 1979) where the reactor was severely 
damaged but radiation was contained and there were no adverse 
health or environm ental consequences.
• Chernobyl (Ukraine 1986) where the destruction of the reactor by 
steam explosion and fire killed 31 people and had significant health 
and environm ental consequences. The death toll has since increased 
to about 56.
• Fukushima (Japan 2011) where three old reactors (together with a 
fourth) were written off and the effects of loss of cooling due to a 
huge tsunami were inadequately contained.
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Cumulative Reactor Yeai





Figure 5 .1 showing all reactor accidents from 1960 to 2010 (source: WNA)
Achieving safety: the record so far
Operational safety is a prime concern for those working in nuclear plants. 
Radiation doses are controlled by the use of remote handling equipment 
for many operations in the core of the reactor. Other controls include 
physical shielding and lim iting the time workers spend in areas with 
significant radiation levels. These are supported by continuous m onitoring 
of individual doses and of the work environm ent to ensure very low 
radiation exposure com pared with other industries. Concerning possible 
accidents, up to the early 1970s, some extrem e assum ptions were made 
about the possible chain of consequences.
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One mandated safety indicator is the calculated probable frequency of 
degraded core or core melt accidents. The US Nuclear Regulatory 
Comm ission (NRC) specifies that reactor designs must meet a 1 in 10,000 
year core damage frequency, but modern designs exceed this. US utility 
requirem ents are 1 in 100,000 years, the best currently operating plants 
are about 1 in 1 million and those likely to be built in the next decade are 
alm ost 1 in 10 million. W hile this calculated core dam age frequency has 
been one of the main metrics to assess reactor safety, European safety 
authorities prefer a determ inistic approach, focusing on actual provision of 
back-up hardware, though they also undertake probabilistic safety analysis 
(PSA) for core dam age frequency.
Even months after the Three Mile Island (TMI) accident in 1979 it was 
assumed that there had been no core melt because there were no 
indications of severe radioactive release even inside the containment. It 
turned out that in fact about half the core had melted. Until 2011 this 
remained the only core melt in a reactor conform ing to NRC safety criteria, 
and the effects were contained as designed, w ithout radiological harm to 
anyone. Greifswald 5 in East Germ any had a partial core melt in November 
1989, due to m alfunctioning valves (root cause: shoddy m anufacture) and 
was never restarted. At Fukushima in 2011 (a different reactor design with 
penetrations in the bottom of the pressure vessel) the three reactor cores 
evidently largely melted in the first two or three days, but this was not 
confirm ed for about ten weeks. It is still not certain how much of the core 
material was not contained by the pressure vessels and ended up in the
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bottom of the drywell containments, though certainly there was 
considerable release of radionuclides to the atm osphere early on, and 
later to cooling water.
Early Soviet-designed reactors
The April 1986 disaster at the Chernobyl nuclear power plant in Ukraine 
was the result of major design deficiencies in the RBMK type of reactor, 
the violation of operating procedures and the absence of a safety culture. 
One peculiar feature of the RBMK design was that coolant failure could 
lead to a strong increase in power output from the fission process (positive 
void coefficient). However, this was not the prime cause of the Chernobyl 
accident.
The accident destroyed the reactor and killed 56 people, 28 of whom died 
within weeks from radiation exposure. It also caused radiation sickness in a 
further 200-300 staff and firefighters, and contam inated large areas of 
Belarus, Ukraine, Russia and beyond. It is estimated that at least 5% of the 
total radioactive material in the Chernobyl-4 reactor core was released 
from the plant, due to the lack of any containm ent structure. Most of this 
was deposited as dust close by. Some was carried by wind over a wide 
area.
About 130,000 people received significant radiation doses (i.e. above 
internationally accepted ICRP limits) and continue to be monitored. About
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4000 cases of thyroid cancer in children have been linked to the accident. 
Most of these were curable, though about nine were fatal. No increase in 
leukaemia or other cancers have yet shown up, but some is expected. The 
W orld Health Organisation is closely m onitoring most of those affected.
A scram is a sudden reactor shutdown. When a reactor is scrammed, 
autom atically due to seism ic activity, or due to som e malfunction, or 
m anually for w hatever reason, the fission reaction generating the main 
heat stops. However, considerable heat continues to be generated by the 
radioactive decay of the fission products in the fuel. Initially, for a few 
minutes, this is great - about 7% of the pre-scram level. But it drops to 
about 1% of the normal heat output after two hours, to 0.5% after one 
day, and 0.2% after a week. Even then it must still be cooled, but sim ply 
being immersed in a lot of w ater does most of the job after som e time. 
W hen the water tem perature is below 100°C at atm ospheric pressure the 
reactor is said to be in "cold shutdown.
Earthquakes
Nuclear facilities are designed so that earthquakes and other external 
events will not jeopardise the safety of the plant. In France for instance, 
nuclear plants are designed to withstand an earthquake tw ice as strong as 
the 1000-year event calculated for each site. It is estimated that, 
worldwide, 20% of nuclear reactors are operating in areas of significant 
seism ic activity. The International Atom ic Energy Agency (IAEA) has a 
Safety Guide on Seism ic Risks for Nuclear Pow er Plants. Various systems
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are used in planning, including Probabilistic Seism ic Hazard Assessm ent 
(PSHA), which is recomm ended by IAEA and widely accepted.
The logarithm ic Richter magnitude scale (or more precisely the Moment 
M agnitude Scale more generally used today*) measures the overall energy 
released in an earthquake, and there is not always a good correlation 
between that and intensity (ground motion) in a particular place. Japan 
has a seism ic intensity scale in shindo units 0 to 7, with w eak/strong 
divisions at levels 5 & 6, hence ten levels. This describes the surface 
intensity at particular places, rather than the m agnitude of the earthquake 
itself.
As an example, because of the frequency and m agnitude of earthquakes in 
Japan, particular attention is paid to seism ic issues in the siting, design and 
construction of nuclear power plants. The seism ic design of such plants is 
based on criteria far more stringent than those applying to non-nuclear 
facilities. Power reactors are also built on hard rock foundations to 
minimise seism ic shaking.
Tsunam is
Large undersea earthquakes often cause tsunam is -  pressure waves which 
travel very rapidly across oceans and become m assive waves over ten 
metres high when they reach shallow  water, then washing well inland. The 
Decem ber 2004 tsunam is follow ing a magnitude 9 earthquake in Indonesia 
reached the west coast of India and affected the Kalpakkam nuclear power 
plant near M adras/Chennai. W hen very abnormal water levels were
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detected in the cooling w ater intake, the plant shut down automatically. It 
was restarted six days later.
Fukushima Daiichi and Daini nuclear power plants were affected by a 
major tsunam i in March 2011. The design basis tsunami height was 5.7 m 
for Daiichi and 5.2 m for Daini, though the Daiichi plant was built about 10 
metres above sea level and Daini 13 metres above. Tsunami heights 
com ing ashore were more than 14 metres for both plants, and the Daiichi 
turbine halls were under some 5 metres of seawater until levels subsided. 
The maximum amplitude of this tsunami was 23 metres at point of origin, 
about 160 km from Fukushima. In the last century there have been eight 
tsunam is in the region with maximum am plitudes at origin above 10 
metres (some much more), these having arisen from earthquakes of 
m agnitude 7.7 to 8.4, on average one every 12 years. Those in 1983 and in 
1993 were the most recent affecting Japan, with maximum heights at 
origin of 14.5 metres and 31 metres respectively, both induced by 
m agnitude 7.7 earthquakes.
Safety relative to other energy sources
Many occupational accident statistics have been generated over the last 
40 years of nuclear reactor operations in the US and UK. These can be 
compared with those from coal-fired power generation. All show  that 
nuclear is a distinctly safer way to produce electricity.
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Figure 5 2 Deaths from energy-related accidents per unit of electricity
Coal-fired power generation has chronic, rather than acute, safety 
im plications for public health. It also has profound safety im plications for 
the mining of coal, with thousands of workers killed each year in coal 
mines.
Hydro power generation has a record of few but very major events causing 
thousands of deaths. In 1975 when the Banqiao, Shim antan & other dams 
collapsed in Henan, China, at least 30,000 people were killed im m ediately 
and some 230,000 overall, with 18 GW e lost. In 1979 and 1980 in India 
som e 3500 were killed by two hydro-electric dam failures, and in 2009 in 
Russia 75 were killed by a hydro power plant turbine disintegration.
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6. Conclusions
Greece, as every country, desires to have adequate and secure coverage of 
the electricity needs both in com petitive prices, as well as having adequate 
environm ental impacts. In recent years, it is observed that the energy 
needs in Greece are covered marginally. This marginal coverage of the 
energy needs in Greece is expected to continue for a long period of time 
and there is a high probability that there would be an energy deficit until 
2024.
Taking into consideration that in Greece, all the alternative methods of 
producing electricity have a problem of availability and acceptability; 
planning for securing a perm anent and reliable adequacy of electricity, so 
as to improve the standard of living as well as the rapid developm ent of 
our economy, this cannot exclude forever the usage of nuclear power.
Nuclear energy provides cheap electricity due to the fact that it is highly 
subsidized. This enables the national industry where nuclear energy is 
produced to successfully compete with other international companies 
producing the sam e product for higher prices due to high energy and 
electricity costs. On the other hand , the risk of an nuclear accident or a 
terrorist attack on one or more of these nuclear installations, the 
difficulties and high costs of m anagem ent of nuclear waste generated by 
these reactors and the fear that the nuclear waste might be used for 
making nuclear w eapons are issues of concern.
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A nuclear power plant is a big and com plex structure, with two main parts: 
nuclear reactor to produce heat from chosen material by nuclear fission 
and cyclic process to produce electricity from heat. Due to this complexity, 
it is expensive and harder to manage than coal-fired power plant or 
hydroelectric dam. Nuclear power, which is nearly carbon-free, can 
contribute to a decrease in the em issions of greenhouse gases. In 
particular, the developm ent of com petitive nuclear power could partly 
mitigate climate change even if no climate policy were implemented. The 
lower the cost of nuclear power, the higher the nuclear market share, and 
therefore the lower the greenhouse gas emissions. CO2 emissions in 2050 
would thus decrease by 32% from the scenario w ithout advanced nuclear 
technologies to a scenario with very com petitive nuclear power.
If climate policies cannot be implemented in the short run on an 
international scale -  for example because of the difficulty in reaching an 
international agreem ent -  expanding nuclear power worldw ide could 
constitute a second-best option, at least for the next 30 years. If 
com petitive advanced nuclear technologies are available, the optimal 
solution would however involve the im plem entation of a climate policy 
with stronger emissions reductions in the short term, and sm aller ones in 
the longer term
Currently limited research and developm ent budgets will hopefully grow, 
providing new technologies, with reduction in waste, increase in safety 
and proliferation resistance, and higher electricity yield. Som e new 
technologies, mainly advanced boiling water reactor (ABW R) was
1 0 5
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 06:47:33 EET - 137.108.70.7
showcased, as it is currently one of the most interesting technologies from 
the viewpoint of sustainability.
Economics projections show, that energy need in the future is larger than 
it is today and will likely grow by 100%-400% until 2050. Energy intensities 
of societies are declining, while more energy efficient m achinery and 
appliances are invented. However, there is more machinery and appliances 
used per capita than before. Another big issue is the growth of population, 
which creates demand for electricity. It was shown that demand for base­
load capacity will grow. It is not possible in near future to provide the 
world with sufficient amount of solar or wind energy. At the sam e time 
fossil fuel sources have their own problems with CO2 emissions. One 
solution would be to use nuclear power plants to provide electricity. 
Nuclear power plants are CO2-neutral and they are com petitive in price of 
electricity, as shown in levelized cost calculations especially in Greece. 
W hile it is obvious that nuclear power plant is not sustainable in absolute 
term s, it was com petitive against other base-load capacity providing 
power plants. Providing capital to this sector would develop more 
sustainable nuclear energy sector. In the future nuclear fission can be 
brought very close to absolute sustainability with breeder-reactors and 
advanced boiling water reactor (ABW R), which minimize the need of large 
scale mining, produce very little waste and pose very little threat in global 
scale. Nuclear fusion, which is still decades away, is another way to 
generate electricity from nuclear reactions. W hile, as a concept, it does not 
produce waste at all and the threat in global scale is sm aller than in fission 
power plants, many issues still remain to be solved. Main challenges in 
nuclear fusion lie in developm ent of technology. Fully sustainable world
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has to be the number one goal in the energy sector. This goal can be 
reached with use of wind and solar and having w orldw ide sm art grid with 
energy storage option. Until this is possible, energy has to be provided. 
From given choices, nuclear power plant is the most sustainable.
First, a more integrated energy and climate policy is needed for a low- 
carbon path while enhancing energy security. Secondly, energy policy 
should put more emphasis on prom oting com petition to make the energy 
markets more efficient. Nuclear energy might provide foundations for a 
clean and com petitive energy future in Greece. M oreover, integration of 
energy and climate strategies would facilitate the design of effective 
policies to respect the obligations for sustainable developm ent, ensuring 
the supply of electricity at a reasonable cost and with the environm ent in 
mind.
According to the prelim inary plan of the ten-year developm ent program of 
the I.P.T.O, the guide and the parameter for the developm ent of the 
System is the need of high introduction of RES, so as to fulfill the national 
binding aims which are set for 2020, including the participation of RES in 
the prim ary production of energy by 20%. Also the second aim is the 
participation of RES in the production of energy in a level of 40% of total 
needs of our country.
Due to the geographical position of our country in the SE of Europe, the 
developm ent of interconnections in the broad region, as well as the 
developm ent of transport roads from the energy sources to the most 
im portant consum ption centers of the continent becomes very important. 
A large increase of the installed power of RES in our country, well beyond
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the targets of 2020, is linked with the feasibility of carrying out large- scale 
exports of electric energy. For the period after the current decade and 
based on the existing data, the strategy of developm ent of the I.P.T.O 
consists mainly of the interconnection of the non-interconnected islands 
with the HTSO, which contributes in com bination with the following:
However, the plan of the Strategic Development of the System requires a 
more general realistic national planning of the developm ent of R.E.S. in 
our country beyond the targets of 2020 and in steps of five years. It is an 
apparent fact that the System cannot develop in all directions having only 
as a base the announcem ent of new projects of Production. As a 
consequence the nuclear energy and generally the choice of nuclear power 
production is not a choice for solving the energy problems according to the 
long term strategy of developm ent of the system by I.P.T.O , as well as 
generally from the institutional bodies of the country.
Nevertheless in this project, it was studied thoroughly the opportunity of 
installing a nuclear power plant which will be an alternative way for 
generating electric energy ,as well as for solving the upcom ing energy 
problem, which may arise with the growth of population until 2024. As it 
was observed in the previous chapter, the licensing and the subsidy for 
such nuclear plant is a procedure which demands at least 5 years, and in 
this case every country has its own responsibilities for taking decisions on 
its energy self-sufficiency regardless any authorities i.e. European Union in 
this case. Consequently, it can be easily understood that the Greek energy 
strategy requires a possible revision and a shift regarding the option of the 
nuclear power generation.
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Generally, what is necessary to be carried out is a realistic assessm ent of 
the Greek energy needs and aims and a total analysis of the potential and 
the problems of all the possible energy sources. Regarding the nuclear 
power, it needs to be considered w hether it can be a com ponent of the 
energy mix that exists in Greece and whether it can replace a crucial part 
of the fossil fuel that are used.
Furtherm ore, inform ative measures should be taken concerning the 
expertise and the experience in the sector of nuclear power, as well as 
measures for creating endogenous human resources which will be a long 
term national investm ent in the education sector. O f course what is 
necessary, is the beginning of the preparation of the necessary studies, 
legislation and infrastructure, so as for the country to be ready for this 
potential option.
Consequently, we realize that the main question is not w hether it is 
possible to install a nuclear power production plant or not, since older 
researches proved that this can happen for real, despite of the high 
seism icity danger. The real question is w hether the Greek academic 
community, every governm ent and most im portant the Greek people is 
ready to accept the most controversial form of electrical power production 
or not, nowadays that renewable energy sources are grow ing rapidly. 
Unfortunately, Greek people mostly against nuclear energy since they 
concern about the safe running of nuclear plants and especially about a 
possible danger of accidents although such danger is extrem ely low. In the 
next few  years maybe there will be better briefing in order to grow up the
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nuclear power section which constitutes a serious solution of energy 
matters that Greece is going to face.
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APPENDIX
Table A-1 Units of measurements
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Figure A-1: Share of nuclear power generation in countries with
nuclear power
2
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 06:47:33 EET - 137.108.70.7
Figure A-2 :Evolution of nuclear power (Source: Generation IV
international forum)
Figure A-3 Description of INES levels (Source: IAEA)
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Capacity factor: The ratio of the actual output of a power plant over a 
period of time, over the potential output of the power plant had it 
operated at full nam eplate capacity, expressed as a
percentage.
Operating factor: The ratio of the number of hours a unit was on-line to 
the total number of
hours in a reference period, expressed as a percentage. It is a measure 
of the unit tim e
availability on the grid and does not depend on the operating power 
level.
Energy : General overview
Energy is a set of physics measures. Popularly the term is most often 
used in the context of energy as a technology: energy resources, 
their consum ption, developm ent, depletion, and conservation.
Biologically, bodies rely on food for energy in the sam e sense as industry 
relies on fuels to continue functioning. Since econom ic activities such as 
m anufacturing and transportation can be energy intensive, energy 
efficiency, energy dependence, energy security and price are key 
concerns. Increased awareness of the effects of global w arm ing has led 
to global debate and action for the reduction of greenhouse 
gases em issions; like many previous energy use patterns, it is changing 
not due to depletion or supply constraints but due to problems with 
waste, extraction, or geopolitical scenarios.
In the context of natural science, energy can take several different 
forms: therm al, chemical, electrical, radiant, nuclear, etc. These are often
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grouped as being either kinetic energy or potential energy. Many of 
these form s can be readily transform ed into another with the help of a 
device - from chemical energy to electrical energy using a battery, for 
example. Most energy available for human use ultimately comes from 
the sun, which generates it with nuclear fusion. The enormous potential 
for fusion and other basic nuclear reactions is expressed by the famous 
equation E = m cA2.
The concepts of energy and its transform ations are useful in explaining 
natural processes on larger scales: M eteorological phenomena 
like wind, rain, lightning andtornadoes all result from energy 
transform ations brought about by solar energy on the planet. Life itself is 
critically dependent on biological energy transform ations; organic are 
constantly broken and made to make the exchange and transform ation 
of energy possible.
The Nuclear technology
Nuclear technology is technology that involves the reactions of atomic 
nuclei. It has found applications from sm oke detectors to nuclear
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reactors, and fro mgun sights to nuclear weapons. There is a great deal of 
public concern about its possible im plications, and every application of 
nuclear technology is reviewed with care.
Nuclear power is the controlled use of nuclear reactions (currently 
limited to nuclear fission and radioactive decay) to do useful work 
including propulsion, heat, and the generation of electricity. Nuclear 
energy is produced when a fissile material, such as uranium -235, is 
concentrated such that the natural rate of radioactive decay is 
accelerated in a controlled chain, reaction and creates heat -  which is 
used to boil water, produce steam, and drive a steam turbine. The 
turbine can be used for mechanical work and also to generate electricity.
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